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EXTENT, MAGNITUDE, AND SOURCES OF NITRATE
IN THE FLAXVILLE AND UNDERLYING AQUIFERS,
FORT PECK INDIAN RESERVATION,
NORTHEASTERN MONTANA

By David A. Nimick and Joanna N. Thamke

Abstract

Information on soils, land use, pore- and ground-
water chemistry, ground-water age, and stable isotopes
was collected to examine the relation between exten-
sive dryland agriculture and elevated concentrations of
nitrate (NOs) in water in the Flaxville and two underly-
ing aquifers in the Fort Peck Indian Reservation, north-
eastern Montana. Concentrations of NO3 equaled or
exceeded 10 milligrams per liter NO; as nitrogen (N)
in water from 84 percent of the wells completed in the
Flaxville aquifer and 51 percent of all wells sampled in
the study area. On the basis of 81°Nvos values for
ground water, mineralization of soil organic N derived
from wheat stubble in crop-fallow farmland is the dom-
inant source of NO3. Livestock wastes locally are a
point source of NOs. Fertilizer was not a direct NO;
source. Median NO; concentrations in soil samples
collected from pits 10-feet deep in dryland cropland
were higher in fertilized areas than in non-fertilized
areas. This apparent increase in NO; loading from fer-
tilized cropland probably results from the larger
amount of soil organic N, which is induced by fertiliza-
tion and then mineralized during the fallow season.
81Nos values in pore water extracted from cropland
soil confirmed that soil organic N is the primary NO;
source. Ground-water ages determined from concen-
trations of chlorofluorocarbons generally were 6-30
years, indicating that NO5 concentrations in ground
water sampled during this study were affected by land-
use conditions during the previous 30 years. Reduc-
tions in NO3 concentrations probably could be
achieved through a variety of land-management strate-
gies.

INTRODUCTION

High NO; concentrations in ground water com-
monly are related to land use in overlying areas. In
most areas, agricultural activities are the primary
source of NOj to ground water, particularly where row

crops are intensively irrigated and fertilized (Mueller
and Helsel, 1996). However, agricultural activities can
affect NO; concentrations in ground water in non-irri-
gated areas and where use of fertilizer is limited. This
potential effect is of particular interest in the semi-arid
Great Plains, where dryland production of small grains
using crop-fallow rotation is common. The potential
for NO; leaching from crop-fallow systems is great
because NOj is mobilized by mineralization of organic
matter at the same time that excess soil moisture is
available for deep leaching (Power, 1970; Cassel and
others, 1971). NOj can be derived from decomposition
of the original native sod in the first years of farming
after initial ground breaking (Doughty and others,
1954; Reinhorn and Avnimelech, 1974; Kreitler and
Jones, 1975; Custer, 1976; Lamb and others, 1985) or
from crop residue left after harvest (Cassel and others,
1971; Power, 1972).

In northeastern Montana, crop-fallow farming is
widespread and many wells completed in shallow aqui-
fers produce water having NO3 concentrations that
exceed 10 mg/L NOs-N (Donovan and Bergantino,
1987; Thamke, 1991), the maximum contaminant level
(MCL) specified by primary drinking-water rezula-
tions established by the U.S. Environmental Protection
Agency (1991). The relation between crop-fallow
farming and high NO; concentrations in ground water
was suggested by Bauder and others (1993), who used
a multiple-regression analysis to link the relatively
high NO; concentrations in ground water in counties of
northeastern Montana to specific soil types and physio-
graphic conditions commonly associated with crop-fal-
low farming.

In the northern Great Plains, high NO; concentra-
tions occur in fine-grained aquifers having slow flow
rates as well as more transmissive, coarse-grained
aquifers. Fine-grained aquifers, such as ones com-
posed of glacial till, have been studied extensively in
Montana because of widespread saline-seep develop-
ment (Miller and Bergantino, 1983). Saline se=ps
develop where recharge is increased by crop-fallow
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farming and salts, including NO3, are mobilized
(Miller, 1971; Custer, 1976; Doering and Sandoval,
1981). The increased salinity and NO; concentrations
are related to pre-farming conditions--accumulated
salts in the soil and organic-rich native sod (Custer,
1976; Doering and Sandoval, 1981). In contrast, the
high NO; concentrations in coarse-grained, shallow
aquifers in northeastern Montana have been recognized
(Donovan and Bergantino, 1987; Thamke, 1991;
Bauder and others, 1993), but the NO;5 source has not
been conclusively determined.

In the Fort Peck Indian Reservation, the Tertiary
Flaxville Formation caps plateaus and topographic
benches that provide ample land for dryland wheat
farms and residential development. High NO; concen-
trations have been observed in water samples from the
Flaxville and underlying aquifers, which are important
sources of ground water on the reservation (Donovan
and Bergantino, 1987; Thamke, 1991). No studies
have been conducted to determine the source of NO; in
the Flaxville and underlying aquifers or the hydro-
geochemical processes that affect the mobilization and
transport of the NO3. The sand and gravel deposits of
the Flaxville Formation provide a natural laboratory for
examining potential relations between non-irrigated
agriculture and NO; concentrations in a coarse-
grained, shallow aquifer.

PURPOSE AND SCOPE

This report examines the extent, magnitude, and
sources of NO3 concentrations in the Flaxville and
underlying aquifers in the Fort Peck Indian Reserva-
tion, northeastern Montana (fig. 1). Extent and magni-
tude were determined through sampling of 5 test wells
and 107 domestic and stock wells throughout the study
area. Possible human-induced and natural sources of
NO; were examined using a variety of methods includ-
ing analysis of stable isotopes, comparison of past and
present land uses to NO3 concentrations in ground
water, age-dating of ground water using chlorofluoro-
carbons (CFCs), and chemical analysis of soils from
areas of different land use. Interpretations presented
here are based on data collected from August 1994
through April 1996 for this study (tables 2-8, at back of
report), previously published data, and unpublished
data retrieved from the Ground Water Information
Center at the Montana Bureau of Mines and Geology in
Butte, Mont.

The study area is in the Fort Peck Indian Reserva-
tion and is delineated by the boundary of the Flaxville
Formation (fig. 2); it includes about 720 mi’ in parts of
Daniels, Roosevelt, Sheridan, and Valley Counties.

Underlying aquifers included in this study were the
Fort Union aquifer of Paleocene age and the Fox Hills-
lower Hell Creek aquifer of Late Cretaceous age.

METHODS OF DATA COLLECTION

Farmland and native rangeland were mapped
from 1:50,000 composite images derived from Landsat
satellite imagery obtained in August 1993. Owing to
the scale of the Landsat images, these land uses were
mapped as large blocks of land and included thin strips
of land used for roads and areas used fo~ homes and
farm headquarters. Farmland was defined as land that
currently (1993) was being farmed or previously had
been farmed based on visible signs (on the 1993 Land-
sat images) of farm strips typical of crop-fallow rota-
tions. Farmland enrolled in the Conservation Reserve
Program (CRP) was delineated on the Landsat images
by transferring the boundaries of CRP land from large-
scale maps and aerial photographs on file in county
offices of the Natural Resources Conservation Service.
Land enrolled in the CRP is rotated for 10 years or
more from farmland to perennial vegetat'on under con-
tract with the Federal government. Hay*elds and pas-
ture were mapped together with rangeland because
these three land uses were difficult to distinguish on the
Landsat images and because NO; loading from these
land uses was expected to be similar anc' uniformly
low.

Agricultural statistics were obtaine for the four
counties in the study area from information published
annually or biannually by the Montana Department of
Agriculture or about every 5 years by the U.S. Depart-
ment of Commerce. Data were compiled by county
because data were not available for just the study area
or the reservation. Farm operations in the study area
are similar to dryland operations outside the reserva-
tion and, therefore, the county statistics were assumed
to be representative of the study area. Fertilized crop-
land includes all crops, irrigated and nor-irrigated;
however, the vast majority of cropland in the four
counties is used for dryland wheat so the fertilized
cropland statistics were assumed to be representative of
non-irrigated cropland.

In August-October 1994, 162 dome-tic and stock
wells throughout the study area were inventoried. Ini-
tial water-quality data, information on land-use prac-
tices that potentially could affect NO5 in ground water,
and well-construction information were obtained dur-
ing the inventory.

Test wells were installed in July 1995 with an air-
rotary drill rig. Casing material was 6-in. diameter
steel or 4-in. diameter polyvinyl chloride (PVC).
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determined by the U.S. Geological Survey, Menlo
Park, Calif., from NO; concentrated on anion
exchange resin columns within 24 hours of sample
collection (Kendall and Grim,1990; Kendall and oth-
ers, 1996).

Soil samples were collected in June 1995 from
soil pits (fig. 2). Bulk samples generally were col-
lected from seven intervals (typically 0-1, 1-2, 2-3, 3-
4, 4-6, 6-8, and 8-10 ft) in each pit. Samples were
cooled in the field and kept frozen until analyses were
performed. In the laboratory, clasts larger than 2 mm
were removed by sieving. Physical and chemical anal-
yses were performed on the finer fractlon Soil NO3
was extracted with KCI (Page, 1982). 5! Nwos was
determined in 1:10 (soil:deionized water by weight)
extracts. Deionized water was used in the extracts for
83 Ninos determinations instead of KCl so that only
mobile NO5 would be extracted (Herbel and Spalding,
1993). Except for 8'°Nos determinations by the U.S.
Geological Survey, all soil analyses were performed by
the Soil Analytical Laboratory, Montana State Univer-
sity, Bozeman, Mont.

AGRICULTURAL LAND USE

Farming Methods

Cropland for production of small grains is the pri-
mary land use in the study area, with most of the crop-
land devoted to growing wheat using crop-fallow
rotation. Smaller amounts of oats and barley are
grown. Typically, half the farmland in a rotation is left
uncropped and weed-free with a crop-stubble cover for
one growing season. Use of recrop (rotation using
about two-thirds crop, one-third fallow) and continu-
ous cropping (rotation using fallow once every 3-5
years) is increasing. Small grains are planted in the
spring because winter wheat generally will not survive
the winter.

Fallowing of soil is a moisture-storage technique
commonly used in northeastern Montana since the
1930’s. Moisture is stored in the soil below the surfi-
cial evaporation zone during the fallow period, but the
proportion of rainfall stored is low--about 15-30 per-
cent (Mathews and Army, 1960; Haas and Willis, 1962;
Greb and others, 1970; Olson, 1984). However, suffi-
cient moisture is stored to complement the cropping-
season rainfall (Olson, 1984). Reduced and no-tillage
farming systems increase moisture-storage efficiency
to as much as 40-50 percent (Fenster and Peterson,
1979).

Fallowing not only stores moisture but also pro-
motes NO5 accumulation in the soil because organic N

is mineralized during the fallow period (Cassel and oth-
ers, 1971; Kreitler and Jones, 1975; Olson, 1984). This
conversion of organic N to NO; provides valuable crop
nutrients and is one of the main reasons to summer fal-
low. The combination of excess soil moisture that per-
colates to ground water and excess NOj; availatle at
times when deep percolation is occurring results in
deep leaching of NO; and NOj; loading to ground
water. The amount of NOj; loading is dependert on a
variety of factors, including the timing and magnitude
of precipitation, soil texture and structure, and amount
of crop residue after harvest (Swenson and others,
1979).

Land-Use Distribution and Temporal Trends

On the basis of mapping from 1993 Landrat
imagery (fig. 2), 55 percent of the study area was crop-
land and 15 percent was former cropland enrolled in
the CRP. Rangeland, which accounts for 30 percent of
the study area, is located in areas generally not suitable
for farming and primarily near the perimeter of areas
underlain by the Flaxville Formation. The amcnunt of
land planted in wheat in the four counties has not
changed as much as cattle numbers have during the
past 50 years (fig. 3). Since 1960, the land area planted
in wheat has been about 1,000,000 acres, but has fluc-
tuated by up to 40 percent. The largest sustained fluc-
tuation occurred during the 1970’s and early 1980°s,
when land speculation led to extensive sod busting.
Land area planted in wheat probably did not increase in
the study area during the 1970’s nearly as muct as the
county statistics suggest because relatively little range-
land was available to convert to cropland. The dra-
matic decline in cropland area during the early 1980’s
was a response to drought conditions. The gradual
decrease in cropland area in 1986-95 probably was a
result of participation in the CRP (Debi Madiscn, Fort
Peck Tribes, oral commun., 1997).

The ratio of land farmed by continuous cropping
compared to crop-fallow rotation changed significantly
in 1989-95. Prior to 1989, less than 10 percent of the
land planted in wheat was in continuous crop. By
1995, the proportion was 23 percent.

The use of fertilizer increased dramatically dur-
ing 1954-92 (fig. 3). Virtually no fertilizer was used
prior to 1954. In 1987, about 47 percent of the land
planted in wheat was fertilized. Although the amount
of fertilized land decreased between 1987 and 1992
because of drought conditions (Terry Angvick, Mon-
tana State University Extension Service, Plentywood,
Mont., oral commun., 1995), reports gathered from
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Figure 3. Agricultural statistics for the four counties in the Fort Peck Indian Reservation, northeastern Montana. Data for fertil-
ized cropland and for cattle and calves prior to 1965 from U.S. Department of Commerce (issued periodically). Data for land
planted in wheat and for cattle and calves after 1964 from Montana Department of Agriculture (issued annually or biannually).
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local operators and fertilizer distributors during this
study indicate that the use of fertilizer on crop-fallow
farmland is widespread in the study area. Fertilizer
use also has increased as land has been converted to
continuous crop, which requires higher rates of fertili-
zation and fertilization of entire fields rather than parts
of fields. Fertilizer is applied to crop-fallow fields in
the spring (March-May) at rates of 5-20 Ib/acre N.
Somewhat more fertilizer is used on recrop or continu-
ous crop. Currently, ammonium-based fertilizers are
used almost exclusively.

Livestock Distribution and Temporal Trends

Many farm operators raise cattle or, in a few cir-
cumstances, hogs. Cattle typically are kept in confined
areas near farm headquarters for much of the year, both
to keep them out of cropland and to make feeding eas-
ier in the winter. On the basis of livestock information
compiled by Debi Madison (Fort Peck Tribes, written
commun., 1996) for the central part of the study area,
about 55 percent of the farm operators raise livestock.
Herd sizes typically range from 30 to 100 cattle, but
several herds are larger.

The number of cattle and calves raised in the four
counties has fluctuated over the past 55 years (fig. 3).
The number of cattle and calves more than quadrupled
between 1940 and 1974 but then decreased by about
half by 1990. Numbers have increased slightly since
1990. Livestock trends in the study area are assumed
to be similar to the trends in the four counties.

SITE-NUMBERING SYSTEM

Ground-water sites are assigned locatior num-
bers according to their geographic position within the
rectangular grid system used for the subdivision of
public lands (fig. 4). The location number consists of
as many as 14 characters. The first three characters
specify the township and its position north (N) of the
Montana Base Line. The next three characters specify
the range and its position east (E) of the Montana Prin-
cipal Meridan. The next two characters are the section
number. The next two to four characters designate the
quarter section (160-acre tract), the quarter-qu-~rter sec-
tion (40-acre tract), the quarter-quarter-quarte- section
(10-acre tract), and the quarter-quarter-quarter-quarter
section (2.5-acre tract), respectively, in which the well
is located. These four subdivisions of the section are
designated A,B,C, and D in a counter-clockw'se direc-
tion, beginning in the northeast quadrant. The last two

Well 31N47E16BCAAO2

Figure 4. Numbering system for soil and ground-water sites in the Fort Peck Indian Reservation, northeastern Montana.
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numeric characters specify a sequence number, based
on the order of inventory, to distinguish between mul-
tiple wells at a single location. For example, as shown
in figure 4, well 31N47E16BCAAOQ2 is the second well
inventoried in the NE 1/4 NE 1/4 SW1/4 NW1/4 sec.

16, T.31 N.,R. 47 E.
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HYDROGEOLOGY OF THE FLAXVILLE
AND UNDERLYING AQUIFERS

GEOLOGY

Primary geologic units that contain water used for
drinking supply in the study area, in ascending order,

are the Upper Cretaceous Fox Hills Sandstone and Hell
Creek Formation, the Paleocene Fort Union Formation,
and the Miocene and Pliocene Flaxville Formation (fig.
2). The Fox Hills Sandstone consists of an upper sand-
stone unit and a lower marine shale. The overlying
Hell Creek Formation consists dominantly of shale,
siltstone, and sandstone. Together, these units form the
Fox Hills-lower Hell Creek aquifer. The Fort Union
Formation consists primarily of clay, silt, sandstone,
and sand irregularly interbedded with carbonaceous
seams and thin, discontinuous lignite beds (Witkind,
1959). The Flaxville Formation consists ¢ ffluvial sand
and gravel (Witkind, 1959). The gravels cap plateaus
and benches, which are dissected by many streams. A
thin layer (generally 15 feet thick) of till and outwash
locally covers part of the study area.

GROUND-WATER OCCURRENCE ANC QUALITY

Water in the Flaxville aquifer is unconfined and
generally flows toward the many streams that intersect
the aquifer (Thamke, 1991). Depths of irventoried
wells completed in the aquifer were 18-95 ft below
land surface, with a median of 40 ft (table 1). Depth to
water ranged from about 1-54 ft below laud surface.
The aquifer is recharged by precipitation and dis-
charges primarily to springs that are common in the
lower part of the aquifer near stream charnels and
through leakage to underlying aquifers. Owing to the
dissected nature of this formation, flow paths are
assumed to be relatively short (<12 mi) and the

Table 1. Statistical summary of well depth and nitrate concentration for the Flaxville and underlying aqui‘ers,

Fort Peck Indian Reservation, northeastern Montana

[Abbreviations: mg/L, milligrams per liter. Symbol: <, less than]

Fox Hills - lowe~ Hell

Statistic Flaxville aquifer Fort Union aquifer Creek aquifer
number 58 41 45
mean 45 108 148
Well depth (feet) median 40 94 135
minimum 18 40 65
maximum 95 303 440
number 44 24 44
Nitrate concentration mean! 20 7.3 9.0
(mg/L NO5-N) median 18 2.8 43
minimum 19 <.05 <.05
maximum 82 27 83

IConcentrations less than the minimum reporting level of 0.05 mg/L were set to 0.025 mg/L for calculating the mean.

8  Extent, Magnitude, and Sources of Nitrate in the Flaxville and Underlying Aquifers, Fort Peck Indian Reservation, Northea<tern Montana.



recharge area for any specific well is assumed to have
limited areal extent. The Fort Union aquifer underlies
the Flaxville aquifer in the eastern half of the study
area. The Fox Hills-lower Hell Creek aquifer underlies
the Fort Union aquifer in the eastern half and directly
underlies the Flaxville in the western half of the study
area. The lack of water in parts of the Flaxville aquifer
likely occurs where the lithology of the underlying for-
mation is sandstone or a similar permeable unit.

Water in the Fort Union aquifer is confined to
semi-confined and generally flows eastward (Thamke,
1991). Depths of inventoried wells completed in the
aquifer were 40-303 ft, with a median of 94 ft. Depth
to water ranged from about 9 to 177 ft. The aquifer is
recharged by precipitation on outcrops and by leakage
from the overlying Flaxville aquifer and discharges
through leakage to other aquifers.

Water in the Fox Hills-lower Hell Creek aquifer is
generally confined and generally flows eastward
(Thamke, 1991). Depths of inventoried wells com-
pleted in the aquifer were 65-440 ft, with a median of
135 ft. Depths to water ranged from 10 to 367 ft. The
aquifer is recharged by precipitation on outcrops and
by leakage from overlying aquifers.

On the basis of samples from 45 wells (table 4) ,
water in the Flaxville and underlying aquifers generally
is a mixed cation bicarbonate type water with dis-
solved-solids concentrations between 220 and 823
mg/L. Samples from two wells had high dissolved-
solids concentrations (869 and 1,220 mg/L), partly
owing to high NO; concentrations (82-83 mg/L).
Ground water generally is oxic in all aquifers. Concen-
trations of dissolved oxygen were higher than 5 mg/L
in samples from more than 64 percent of the wells and
1-5 mg/L in another 18 percent. In samples from the
remaining wells, either dissolved-oxygen concentra-
tions were <1 mg/L or no data were collected. Fewer
samples from wells completed in the Fort Union aqui-
fer were oxic; as many as 38 percent of the samples had
dissolved-oxygen concentrations <1 mg/L or had no
data. The greater depth, presence of carbonaceous
material, and presence of fine-grained units in the Fort
Union aquifer compared to the Flaxville and Fox Hills-
lower Hell Creek aquifers probably explain this result.

GROUND-WATER AGES

Because NO; concentrations in shallow ground
water commonly are associated with overlying land use
and because agricultural land uses change in response
to economics and other factors, understanding the rela-
tion between specific land uses and time of ground-
water recharge can provide useful information for ana-

lyzing current conditions and for managing ground-
water resources. The recent development of a tech-
nique using chlorofluorocarbons (CFCs or Frecns)
(Plummer and others, 1993) to estimate the recharge
date of ground water less than about 50 years old
allows comparison of land use and recharge dates.

The stability of CFCs in the hydrosphere has led
to their effective use as conservative tracers to ectimate
the date that ground water has been recharged during
the past 50 years (Plummer and others, 1993). CFCs
are synthetic compounds whose atmospheric concen-
trations have steadily increased since they were first
manufactured in the 1930’s and are stable under aero-
bic conditions, but subject to degradation processes
under anaerobic conditions. Detectable concentrations
are present in post-1940 ground water or mixtures of
older ground water and post-1940 water. CFC concen-
trations in recharge water are dependent on the atmo-
spheric concentration of CFCs and the temperature at
the base of the unsaturated zone during recharge.
Recharge temperature can be determined from mean
annual air temperature and concentrations of dissolved
argon and nitrogen. The estimated age of ground
water, as estimated by the CFC method, is the time
since the water became isolated from the unsatirated-
zone atmosphere (and entered the aquifer) to the time
when the CFC sample was collected.

Ground-water ages were estimated for 23 sam-
ples collected in May-August 1995. All samples had
detectable concentrations of CFCs. Most wells pro-
duced water with CFC-determined recharge dates
between 1965 and 1989. In general, ground-weter age
increased with depth (fig. 5). Wells having depths less
than about 60 ft typically produced water recherged
after 1970, whereas wells having depths greate~ than
about 60 ft generally produced water recharged prior to
1975. The estimated recharge dates for seven samples
from the Flaxville aquifer ranged from 1971 to 1989,
indicating that ground water was 6-24 years old at the
time of sampling. Seven samples from the Fort Union
aquifer had estimated recharge dates between 1966 and
1987, indicating that ground water was 8-29 years old.
Nine samples from the Fox Hills-lower Hell Creek
aquifer had estimated recharge dates between 1947 and
1977, indicating that the ground water was 18-48 years
old.

EXTENT AND MAGNITUDE OF NITRATE
IN GROUND WATER

Developing a unified data set to describe NO;
concentrations in ground water was complicated
because some wells had data for 1981-85 or 1989 from

EXTENT AND MAGNITUDE OF NITRATE IN GROUND WATER 9



0 T S B e EREEE I T —r

o ' AR ARSI T
w 50 — —
S L — p

O
E Rl o L e 1
3 el 1
73] 75 |— oo .
[a] EETRIRCHAINING p
P4
3
. ]

§ 100 —aa—— - -
% SETHIRIBIEY :
E L J
w125 -
z L m————— ]
E L
a..' 150 |- prevs— -
Q -
-
-
w I 4
2 | -

- -+

L s Flaxville aquifer

200~ wme  Fort Union aquifer
a————— = Fox Hills-lower Hell
| Creek aquifer
ool | A A T R A | T T A S S WA Y | TSI S SN NS | IO R S N I A W A
1945 1955 1965 1975 1985 1995
ESTIMATED RECHARGE DATE

Figure 5. Relation of well depth to aquifer and date of ground-water recharge estimated from CFC concentrations in areas
underlain by the Flaxville Formation in the Fort Peck Indian Reservation, northeastern Montana.

earlier investigations and some wells had data from as
many as three samples collected in 21 months in 1994-
96 during this study. To describe the spatial distribu-
tion of NOjy in the study area for wells with multiple
samples, only the concentration from the most
recently collected sample was used.

NO; concentrations ranged from <0.05 to 34
mg/L in samples from all but 2 of the 112 wells in the
Flaxville and underlying aquifers. NO; concentrations
in samples from the 2 wells were 82 and 83 mg/L.
Samples from 51 percent of the 112 wells equaled or
exceeded the MCL of 10 mg/L. NO; concentrations
were higher in the Flaxville aquifer than in the under-
lying Fort Union and Fox Hills-lower Hell Creek aqui-
fers.

NO; concentrations in samples from 44 wells
completed in the Flaxville aquifer ranged from 0.19 to
82 mg/L, with a median of 18 mg/L (table 1). Concen-
trations in samples from all but 2 wells ranged from 5.2
to 34 mg/L. The MCL of 10 mg/L was equaled or

exceeded in 84 percent of the samples. The spatial dis-
tribution of NO; concentrations appears uniform
throughout the study area, indicating that all parts of
the aquifer have been affected by high NO; concentra-
tions and that the NO; likely is derived from nonpoint
sources. Although no data exist to define the vertical
distribution of NO; in the aquifer, NO; is assumed to
be distributed uniformly because the aquifer is gener-
ally less than 50 feet thick, the horizontal NO; distribu-
tion is relatively uniform, and NO; appears to be stable
under the predominant geochemical conditions in the
aquifer.

In aquifers underlying the Flaxville aquifer, NO;
concentrations are lower than those in the Flaxville
aquifer, ranging from <0.05 to 27 mg/L (median of 2.8
mg/L) in 24 samples from the Fort Unior aquifer and
<0.05 to 83 mg/L (median of 4.3 mg/L) in 44 samples
from the Fox Hills-lower Hell Creek aquifer (table 1).
The MCL of 10 mg/L was exceeded in 29 percent of
the samples from the Fort Union aquifer and in 30 per-

10 Extent, Magnitude, and Sources of Nitrate in the Flaxville and Underlying Aquifers, Fort Peck Indian Reservation, Northe ~stern Montana.
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cent of the samples from the Fox Hills-lower Hell
Creek aquifer. A vertical pattern in NO; concentra-
tions in these aquifers is apparent based on well depth.
In the Fort Union aquifer, NO; concentrations are low
at depth, not exceeding 1.5 mg/L in samples from wells
greater than about 100 ft deep (fig. 6). Clay-rich zones
in the Fort Union Formation probably are barriers in
some places to downward movement of NOs-rich
water from the Flaxville aquifer. In addition, denitrifi-
cation probably decreases NO; concentrations in the
parts of the aquifer where reducing conditions prevail.
In the Fox Hills-lower Hell Creek aquifer, which lacks
the clay-rich zones of the Fort Union Formation, NO;
concentrations are as high as 22 mg/L at a depth of
260 ft.

LONG-TERM TRENDS IN NITRATE
CONCENTRATIONS

Data to examine long-term trends in NO; concen-
trations and possible relations to land use were avail-
able from 22 wells sampled once in 1981-85 or 1989
and again during this study. The difference in NO;
concentrations between years by geologic unit was
determined. The number of positive and negative dif-

ferences in NO3 concentrations between years was
nearly the same, indicating no significant long-term
trends in NO5 concentrations. Averages of percent dif-
ferences in NOj3 concentrations through time also indi-
cate no significant trends in long-term data.

POTENTIAL EFFECTS OF WELL CONSTRUCTION
ON NITRATE CONCENTRATIONS

Many domestic wells in the study area are old;
some date from the homestead years of the late 1910’s.
Almost all sampled wells were located at farm head-
quarters. Many older wells, particularly hand-dug
wells completed in the Flaxville aquifer, probab'y have
no surface seal. Any well with an inadequate s=al
potentially could be affected by nitrogen-enricl =d sur-
face runoff if livestock-confinement areas are rearby.
The high NO; concentrations in samples from some
wells completed in the Fort Union or Fox Hills-lower
Hell Creek aquifers also could be caused by ve-tical
well-bore leakage, either from the surface or from the
overlying Flaxville aquifers. Leakage may be possible
because an adequate borehole seal was never irstalled
or because the seal is no longer effective. Few data are
available to evaluate this hypothesis. Only four wells

EXTENT AND MAGNITUDE OF NITRATE IN GROUND WATER 11



completed in the Fort Union or Fox Hills-lower Hell
Creek aquifer had adequate information from drillers’
logs to indicate that a seal was emplaced (fig. 6). NO4
concentrations in samples from these four wells were
low, ranging from <0.05 to 0.9 mg/L. Twelve wells
completed in these aquifers had adequate information
from drillers’ logs to indicate that no seal was
emplaced. NOj; concentrations in samples from 10 of
these wells were higher than 1 mg/L, ranging from 1.1
to 27 mg/L. Although few records of well sealing are
available, visual observations of surface conditions at
most drilled wells did not indicate gaps in the annular
space between the well casing and undisturbed ground.

SOURCES OF NITRATE IN GROUND
WATER

Ground-water samples with NO3 concentrations
that exceed the MCL are distributed geographically
throughout the Flaxville and underlying aquifers, indi-
cating that nonpoint sources are the likely cause of the
high NO; concentrations. Potential nonpoint sources
of NOj5 include atmospheric, geologic, and biologic N
fixation, although these sources generally have little
effect on ground water (Power, 1972), and agricultural
sources. Potential agricultural nonpoint sources of
NOj are nitrogen fertilizer, which is applied to farm-
land in the reservation, and natural soil organic N,
either from native prairie or crop stubble. Physical and
chemical properties of study-area soils were investi-
gated to determine if agricultural activities affect
nitrate in ground water.

NITRATE IN SOIL

Because a likely source of NOj; in ground water is
areal recharge through dryland cropland and because
soil has a large renewable N reservoir, soils were sam-
pled and analyzed to determine the chemical attributes
of recharge water and the amount of N available for
leaching. Two soil pits were excavated in June 1995 in
the Flaxville Formation in each of the four major land-
use categories: fertilized cropland, non-fertilized crop-
land, land enrolled in the CRP, and native rangeland
(fig. 2). Wheat has been grown using crop-fallow rota-
tion at the fertilized and non-fertilized cropland sites
and, prior to 1987, at the CRP site. Pits at cropland
sites were in areas that were fallow in 1995. Fields at
the fertilized cropland site have been fertilized annu-
ally since at least 1968 (when the current landowner
acquired the property) except during 4-5 drought years
in the mid-1980’s. Liquid fertilizer (11 percent N, 46
percent P, 0 percent K) was applied at about 5 gal/acre
prior to 1983. Since 1983, granular fertilizer (35-18-0)

has been applied at 40-80 Ib/acre, depending on soil-
moisture conditions. At the non-fertilize cropland
site, one field (site W-S, fig. 7) has never been fertil-
ized. The other field (site W-N) had been fertilized
annually in 1960-77 with a variety of fertilizers (prima-
rily 11-48-0 or 18-46-0) but has not been fertilized sub-
sequently. The CRP site was planted with crested
wheatgrass (Agropyron cristatum), pubescent wheat-
grass (Elytrigia intermedia ssp. crichophorum), and
alfalfa (Medicago sativa) in the fall of 19§ 7 and has not
been farmed or fertilized subsequently. F-ior to 1987,
the CRP land was crop-fallow farmland fertilized with
urea (46-0-0). The rangeland site has never been
farmed and is vegetated with native forbs and grasses.

Study area soils generally have formed on allu-
vial or eolian deposits and are deep, well-drained, and
medium to coarse textured. The Flaxville Formation is
a heterogeneous fluvial deposit; therefore, soil textures
are variable, ranging from gravel to clay. About half of
the samples were sandy loam to gravel ar a quarter
were loam or sandy clay loam.

Soil-moisture data (fig. 7) indicate that recharge
from cropland likely is greater than from land in CRP
or rangeland, because soil-moisture content is greatest
under cropland. Soil moisture ranged from 3.5 to 21.6
percent, with a mean of 10.8 percent, in 30 samples
from the four cropland soil pits. In contrest, soil mois-
ture ranged from 2.7 to 13.8 percent, with a mean of 7.3
percent, in 28 samples from the four CRP and range-
land soil pits. Using a Wilcoxon nonparametric test,
these differences are significant (p <0.01).

NOj;-concentration profiles (fig. 7) v-ere dis-
tinctly different at cropland sites compared to profiles
at CRP and rangeland sites. Concentrations were
higher at the cropland sites (0.2-8.3 mg/kg) than at the
CRP and rangeland sites (<0.1-1.6 mg/kg). Within the
cropland sites, concentrations were highe- at the fertil-
ized sites (median of 2.1 mg/kg) than at tl*= non-fertil-
ized sites (median of 1.0 mg/kg). Concentrations were
higher at the CRP sites (median of 0.40 mg/kg) than at
the rangeland sites (median of 0.25 mg/kg). At the
cropland sites, NO3 concentrations >0.1 mg/kg (the
minimum reporting level) persisted throughout the pro-
file, whereas concentrations generally were <0.1 mg/kg
at depths greater than 3-6 ft at the CRP and rangeland
sites. Concentrations below depths of 3-6 ft are impor-
tant because these depths generally are below the root
zone, particularly beneath cropland, and pore water
that reaches these depths is presumed to flow to the
water table. These concentration patterns were
expected because NOj is efficiently utilized in the root
zone of native grasslands of the Great Plains (Power,

12 Extent, Magnitude, and Sources of Nitrate in the Flaxville and Underlying Aquifers, Fort Peck Indian Reservation, Northea<tern Montana.
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1972) and presumably by well-established vegetation
of CRP land. The greater amount of NOj in the soil
profile under crop-fallow fields can be attributed to
increased mineralization and mobilization of soil
organic N induced by crop-fallow farming (Doughty
and others, 1954; Reinhorn and Avnimelech, 1974;
Kreitler and Jones, 1975; Custer, 1976; Lamb and oth-
ers, 1985).

Pore-water chemistry was determined from satu-
rated-paste extracts of two deep (generally 6-8 and 8-
10 ft) samples from each pit. NO3 concentrations in the
saturated-paste extracts (fig. 7) differed between sites
but exhibited similar patterns as NO5 concentrations in
soil. Concentrations in samples from fertilized (26-128
mg/L; median of 34 mg/L) and non-fertilized (4.7-45
mg/L; median of 12 mg/L) cropland were relatively
high. Concentrations in samples from CRP land (1.2-
15 mg/L; median of 2.8 mg/L) and rangeland (0.5-1.9
mg/L; median of 0.9 mg/L) were lower.

Total Kjeldahl (organic and ammonia) N profiles
(fig. 7) in all pits have the same general pattern of high
concentrations in the root zone in the upper 3 ft and
low concentrations below 4 ft. The important differ-
ence in total Kjeldahl N profiles is the higher concen-
trations (20-140 mg/kg) below 6 ft at the cropland sites,
particularly the fertilized cropland site, compared to
the concentrations (10-50 mg/kg) at the CRP and
rangeland sites. These higher concentrations reflect the
downward movement of soil organic N in crop-
fallow farmland.

The distribution of NOj in soil indicates that
cropland is a source of NOj3 to ground water but that
CRP land and rangeland probably are not. In addition,
fertilized cropland, assuming equal vertical water
movement in fertilized and non-fertilized sites, is a
larger NO;3 source to ground water than non-fertilized
cropland. However, fertilizer probably is not the pri-
mary direct source of any increased NOj3 loading from
fertilized cropland because the amount of soil organic
N, which can be mineralized to form NOs, is far greater
in the soil profile than the NOj; introduced by fertilizer
application. The amount of total Kjeldahl N currently
(1995) in the top 4 ft of each cropland soil profile,
assuming a soil density of 1.5 g/cm3 ,ranges from 7,460
to 11,520 Ib/acre. If 1-2 percent of this organic N is
mineralized in a year, the NOj; released would be about
4-12 times the maximum NOj available from fertilizer,
assuming an application rate of 20 Ib/acre. The appar-
ent increase in NOj3 loading from fertilized cropland
probably results not from direct deep leaching of the
fertilizer but rather from the greater fertilizer-induced
biomass in the wheat crop. Mineralization during the

fallow season of the larger N pool contaired in this
stubble and root mass releases more NOj than is
released from the smaller amount of crop residue in
non-fertilized cropland.

515Nno3s AND 5180w0s IN SOIL MOISTUF < AND
GROUND WATER

The ratios of stable isotopes of N (1*N/'*N) and
0 (8o 16O) in NOj can be used in many circum-
stances to determine the source of NO; in ground or
pore water (for example, Kreitler, 1975; Gormly and
Spalding, 1979; Flipse and Bonner, 1985; Bottcher and
others, 1990; and Wassenaar, 1995, among many oth-
ers). Interpretation of NO; sources requires caution
because the isotope ratios of different sources may
overlap and because original ratios can be altered by
isotope fractionation mainly during denitr*fication and
ammonia volatilization. Variations in the relative
abundance of the isotopes commonly are expressed as
deviations from a standard [atmospheric M, and an
arbitrary standard known as SMOW (standard mean
ocean water) (Craig, 1961)] using this equation:

5% (%) = (R—Iﬁ—q) x 1000

standard

where Ry and Rgangarg are the ISN/N or 180/1%0
atomic ratios of the sample and standard, respectively.
The symbols 8" Nnos and 8'80nos are used here to
indicate that the 5'°N and 8!30 values are for the N
and O, respectively, in NO3.

Animal and human wastes generally have a
815Nnos value between +9 and +22%o (Kreitler, 1975;
Gormly and Spalding, 1979; Lindau and € palding,
1984; Heaton, 1986). 5!5Nnos values in inorganic fer-
tilizers range from about -7 to +7%o (Spalding and oth-
ers, 1982), although most fertilizers have values less
than +4%o (Heaton, 1986; Wilson and others, 1994). In
particular, urea and ammonium-based fert‘lizers have
values that typically range from -4 to +2%o; NOj fertil-
izers have higher values, typically ranging from 0 to
+6%o (Spalding and others, 1982). Nitrate derived
from ammonium fertilizer retains the orig'nal 8!°Nos
value if little or no volatilization of ! Nxos-depleted
ammonia occurs. Alkaline conditions promote volatil-
ization and can result in 8!°Nwos enrichment of 2 to 5%o
(Fenn and Kissel, 1973; Feigin and others. 1974; Kre-
itler, 1975). 8'°Nwos values in NO; derived from min-
eralization or oxidation of organic N in soil typically
are between +4 and +9%o (Boyce and others,1976;
Gormly and Spalding, 1979; Wolterink an others,
1979; Heaton, 1986), and their range is typ*cally small,
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were collected from wells where livestock are pre-
sumed to be the NOj source, on the basis of &'°Nwos
values greater than +9%.. Livestock wastes probably
contribute significant amounts of dissolved organic
carbon (DOC) to the otherwise carbon-depleted Flax-
ville aquifer. The DOC could promote the growth of
microbes that consume dissolved oxygen. Dissolved-
oxygen concentrations were hi §her than 4 mg/L in all
ground-water samples with 8'°Nwos values less than
+9%o, perhaps because decomposition of soil organic
matter provides little DOC to stimulate microbe
growth.

The difference in NO3 concentrations in ground-
water samples affected by soil organic N and livestock
wastes can be determined by comparing samples with
8'5Nnos values less than and greater than 9. NO; con-
centrations were significantly higher (p = 0.009 using
Wilcoxon rank-sum test) in the 12 samples affected by
livestock wastes (median of 20 mg/L)) compared to the
19 samples affected by soil organic N (median of 12
mg/L). These results make sense because ground water
throughout the study area is affected by NO3 from
crop-fallow farmland, whereas ground water near farm
headquarters with livestock operations would have
additional NOj3 loading from infiltration or borehole
leakage of livestock wastes.

NITRATE SOURCES

8! Nnos values indicate that NO; fertilizer is not a
significant direct source of NO; to ground water. This
conclusion is reasonable for the study area because rel-
atively little fertilizer is applied and because nitrogen
fertilizer typically is applied just before crops utilize it.
Nutrient demand by dryland crops is small compared to
irrigated crops, and NO; from mineralization of
organic N in the soil supplies much of the needed NO;.

Cultivation of native prairie and subsequent crop-
fallow farming lead to rapid mineralization of the large
reservoir of biomass found in prairie soils (Power,
1972; Reinhorn and Avnimelech, 1974) and the poten-
tial for subsequent increases in NO; in underlying
ground water. Although large NO; reservoirs found in
soil profiles and ground water in the Great Plains have
been associated with initial sod busting (Custer, 1976;
Lamb and others, 1985), relatively young ground-
water ages indicate that NO; in the Flaxville aquifer is
not from initial sod busting, which occurred in the early
part of this century.

Crop-fallow farming appears to be the most
important NOj source in the study area. About 70 per-
cent of the land is current or former cropland. & ISNnos
values in 58 percent of the ground-water samples are

within the range (+4 to +9%o) expected for mineraliza-
tion of soil organic N, and these samples are distributed
about equally in the three aquifers. &' Nnos values in
extracts of soil samples collected below the root zone
beneath cropland are within this range and have a sim-
ilar range and mean value as these ground-water sam-
ples.

Common point sources of NO5 in ground water
are infiltration from barnyards and feedlots and effluent
from septic tanks and cesspools. Considering the large
number of livestock in this rural area, livestock wastes
probably are a much more significant source than
human wastes. Ground water near farm headquarters
with livestock operations has elevated NO;3 concentra-
tions from the regional, or non-point source, loading
from crop-fallow farmland. Livestock waste is an
additional NO; source that results in even higher NO;
concentrations locally. Although animal westes are a
significant source of the NO5 produced in water from
many domestic wells in the study area, these wastes
probably are not a significant source of widespread
NO; contamination because farm headquarters are
widely spaced in the study area. The common colloca-
tion of domestic wells and livestock-use areas make
livestock appear to be a more significant and wide-
spread source of NO; than probably is the c~se.

FUTURE CONDITIONS

NOj; concentrations in ground water presumably
reflect land-use practices current at the time of
recharge. Because most ground water generzlly is 6-30
years old in the study area, future water-quality condi-
tions can be predicted, at least qualitatively, from land-
use practices prevalent since at least the 1969’s.

The amount of land used for wheat preduction
was fairly constant during 1960-90 (except for the
increase in 1972-82) (fig. 3). On the basis of total area
of farmland, NO; loading presumably would not have
changed substantially since 1960. However, as dis-
cussed below, farming practices, which affect NO3
loading, have changed since 1960.

Sod busting is a particularly potent NOz-loading
activity because of the large reservoir of orgic N in
soil. However, substantial sod busting cannc* occur in
the study area because a large proportion (70 percent)
of the land already has been converted to farmland.

The amount of fertilized cropland in th= four
counties surrounding the study area has increased fairly
steadily since the mid-1950°s (fig. 3). (The decrease
between 1987 and 1992 likely was a response to the
extended drought conditions in the 1980°s.) Currently,
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fertilizer does not appear to directly affect ground
water in the study area, although the indirect effect
through increased biomass in roots and stubble that can
break down during the fallow period probably has
caused and will continue to cause steadily increasing
NOj; loading. The magnitude and extent of this
increased loading is unknown. If the past is any indi-
cation of future trends, the amount of fertilized land
probably will continue to increase, potentially causing
increased NOj; loading. Fertilizer application rates
have not increased significantly in the past few decades
and are not expected to increase in the future because,
where fertilizer is applied, it generally is applied at
optimum rates, and increased application rates would
provide no benefit (Terry Angvick, oral commun.,
1995).

Farming practices used on crop-fallow fields have
changed in the past and may continue to change in the
future (Terry Angvick, oral commun., 1995). These
changes potentially could alter NO5 loading from crop-
fallow fields. Use of conservation tillage, which
reduces the number of times a field is tilled and leaves
more stubble on the surface, has increased significantly
over the past 20 years. The effect of conservation till-
age on NO; loading is not well understood. The prac-
tice reduces runoff and, according to some studies,
increases the potential for deep percolation and NO,
leaching (Baker and Johnson, 1983; Fox and Bandel,
1986). However, other studies indicate that NO5 con-
centrations in soil moisture are lower in no-till fields
than in tilled fields as a result of greater denitrification
and immobilization under no-till fields (Doran, 1980;
Rice and Smith, 1984; Fox and Bandel, 1986). In addi-
tion, stubble left on the surface is less likely to break
down during the fallow period and contribute to deep
NO; leaching.

Continuous cropping reduces water movement
and utilizes NO5 produced by mineralization of organic
matter. With continuous cropping, wheat fields are fal-
low for 18 of 24 months instead of for 21 of 24 months
in the crop-fallow system. Plants are active longer so
NO; is more efficiently consumed before it is com-
pletely leached. However, NOj; loading can still occur
because NO; can be produced by mineralization when
crops are not vigorous enough to utilize all available
NO;. The increased use of continuous cropping (fig.
3) probably will decrease NO5 loading through

"reduced leaching below the root zone, and future
increases in continuous cropping could continue the
benefit.

Livestock numbers were highest in 1965-75, the
general recharge period for wells greater than 60 ft

deep (fig. 5). Therefore, NO; concentrations might be
expected to decline in these wells over the next 20
years, reflecting the decreased number of cattle. Shal-
lower ground water (<60 ft) generally was recharged
after livestock numbers decreased substantially from
their 1965-75 peaks. Consequently, current (1994-96)
NO; concentrations, for the most part, reflect post-peak
livestock numbers. Livestock numbers continued to
decline after 1978 but at a much lower rate. Therefore,
NO; concentrations may decrease somewkat over the
next 20 years in shallow wells. Because livestock-
derived NOj appears to be a local phenome=non, pre-
dicting future NO; concentrations in a well requires
consideration of site information about historical live-
stock numbers, congregation areas, and we'l location,
construction, and geology.

A large amount of land in the study area has been
enrolled in the CRP since 1986, but this w'despread
land-use change generally occurred too recently to
affect ground-water quality in 1994-96. Any potential
effects could be expected to appear in the next 20 years.
The expected effect of the continuous vege“ative cover
planted on CRP land is the reduction of both NO5 avail-
ability and the amount of soil moisture that percolates
to the water table. The net effect is expected to be a
decrease in recharge and a decrease in the MO concen-
tration in ground water.

Various strategies have the potential to reduce
NOj; concentrations in the Flaxville and urderlying
aquifers or to decrease the potential effect of NO; on
human health. These strategies are listed bt are not
prioritized or evaluated because understanding their
net effect would require information not collected dur-
ing this study:

1. Increase land area with intensive crop rota-
tions such as continuous crop and recrop,

2. Increase land area enrolled in the CRP or with
perennial vegetative cover,

3. Decrease fertilizer use to reduce the amount
of stubble residue,

4. Plant alfalfa or other deep-rooted crops to
reduce deep percolation (Miller end others,
1981),

5. Manage livestock to reduce NOj5 loading to
ground water,

6. Plug or seal unsealed or poorly sealed wells,

7. Ensure new wells have adequate surface
seals, and

8. Install treatment systems on dom-stic wells.
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Regional improvements in water quality in the
Flaxville aquifer would require land-use changes over
large, regional areas. However, local areas could be
affected more readily, perhaps by an individual land-
owner or a small group of landowners with contiguous
fields, because ground-water flow paths are short and,
therefore, recharge areas are relatively small (2-12
mi<).

SUMMARY AND CONCLUSIONS

The Flaxville and underlying aquifers in the Fort
Peck Indian Reservation are desirable sources of
ground water. However, NO3 concentrations equaled
or exceeded 10 mg/L NO3- N in water from 51 percent
of all sampled wells and from 84 percent of the wells
completed in the Flaxville aquifer. The generally uni-
form spatial distribution of NO; and the extensive dry-
land production of small grains indicate that the NO5
likely is derived from nonpoint agricultural sources.
This integrated study of soils, land use, stable isotopes,
ground-water chemistry, and ground-water age has
demonstrated the connection hypothesized by Bauder
and others (1993) between elevated concentrations of
NOj in ground water and the dominant agricultural
land use. Unlike many areas where agricultural prac-
tices result in excess NOj3 in ground water, irrigation
and deep leaching of fertilizer are not the cause of the
high NOj; concentrations in the study area.

815 Nnos values for ground water in the study area
indicated that NOj is derived primarily from soil
organic N and livestock wastes. On the basis of the
generally uniform spatial distribution of NO; in ground
water and the large area of cropland, the predominant
nonpoint source of NOj in the study area presumably is
soil organic N. Livestock wastes appear to be signifi-
cant point sources of NO; locally. Comparison of NO3
concentrations in soil moisture indicated that NO;
loading is greater from fertilized crog)land than from
non-fertilized cropland; however, 8'°Nwos values dem-
onstrated that soil organic N and not fertilizer is the pri-
mary NOj source. The apparent increase in NO;
loading from fertilized cropland probably results from
the increased amounts of wheat stubble and root mass,
which are mineralized during the fallow season.
Reductions in NO3 concentrations in the study area
probably could be achieved locally and regionally
through a variety of land-management strategies.
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Table 2. Lithologic logs and completion details for test wells and boreholes drilled in 1995 in the Fort Peck Indian Res=rvation,
northeastern Montana

[Well name, a field-identification number; location number, numbering system described in text; depth, in feet below land surface, except where + indicates
feet above land surface. Abbreviations: BLS, below land surface; fi, feet; gpm, gallons per minute; in., inches; PVC, polyviny! chloride]

Description I()::';'tl;
Well name: B-1
Location number: 31N46E15CBCCO01
Geologic unit: Flaxville and Fort Union Formations
Lithology:
Silt, clayeys; little sand and gravel, light-brown; calcareous; slightly damp 0-18
Sand and gravel, brown; sand, medium-grained, fair sorting; gravel, well-rounded; brown; non-calcareous; 18-20
damp
Sand and gravel, with very little clay; sand, medium-grained, fair sorting; gravel, well-rounded; brown; non- 20-22
calcareous; damp
Gravel, very well-rounded, quartzite; sand, fine- to medium-grained, brown; little clay and silt; matrix 22-25
slightly calcareous at 22 ft, non-calcareous at 25 ft
Gravel; clasts to 1 in.; sand, fine- to coarse-grained, poorly sorted; damp 25-35
Gravel, as above; water 35-38
Clay, silty, sandy, light gray-brown, soft, plastic; no water 38-41
Clay, gray; yellowish-brown at 47-48 ft; no water 41-49
Clay, silty, soft; interbedded yellowish-brown and gray brown 49-55
Sand, very fine-grained, yellow brown; little clay at 60 ft; some water 55-60.5
Clay, sandy, silty, soft; interbedded with yellowish-brown and gray sand; non-calcareous; little water 60.5-75
Clay, gray with occasional rust color; soft; non-calcareous; little water 75-85
Clay, brownish-gray, carbonaceous; lignite chips 85-86
Clay, gray 86-93
Clay, sandy, yellowish-brown; sand, very fine-grained 93-10°
Clay, gray 108-110
Clay, brownish-gray; shale chips 110-112
Clay, olive green 112-115
Clay, gray; coal chips at 118 ft 115-125
Clay, sandy, gray; sand, very fine-grained 126-130
Completion details:
Well completion:
4-in. PVC casing +1.9-94
4-in, PVC factory-slotted casing (0.020-in. slot size) 94-124
4-in. PVC casing, with open end 124-131
Finish:
Bentonite grout 0-18
Bentonite grout 57-92
Silica sand pack 92-139
Surface completion:
6-in. steel casing +2-60

Remarks: Well drilled using air (and limited water) rotary; completed on July 6, 1995. Site geologist, E. Kendy. PVC casing joined with
bolts, not glue. Well bailed dry on 7/13/95 and 7/14/95; made very little water. Well plugged and abandoned on September 10. 1996.
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Table 2. Lithologic logs and completion details for test wells and boreholes drilled in 1995 in the Fort Peck Indian Reservation,
northeastern Montana (Continued)

Description ?feef‘:?
Well name: B-2
Location number: 31N46E15CBCC02
Geologic unit: Flaxville and Fort Union Formations
Lithology:
Silt, clayey; light-brown; little sand 0-16
Gravel, some sand 16-37
Clay, silty, dense, medium-gray; some reddish-orange weathered zones 37-44
Clay, silty, soft, gray, damp 44-46
Clay, silty, soft, light-gray and light-brown; little sand 46-49
Clay, silty, dense, brownish-gray 49-55
Sand, fine-grained, silty, clayey, reddish-brown 55-58%
Clay, sandy, silty, gray 58-69
Completion details:
Well completion:
4-in. PVC casing +1.5-53
4-in. PVC factory-slotted casing (0.020-in. slot size) 53-58%
4-in. PVC casing, with end cap 58-69
Finish:
Bentonite grout 0-29
Silica sand pack 48-69
Surface completion:
6-in. steel protective casing +1.6-4%

Remarks: Well drilled using air (and limited water) rotary; completed on July 14, 1995. Site geologist, D.A. Nimick. Develoved by air-
lift for 25 minutes and pumping for 45 minutes at 0.3 gpm. Well plugged and abandoned on September 10, 1996.

Well name: B-3
Location number: 31N46E16DADAOL

Geologic unit: Flaxville Formation

Lithology:
Silt, clayey, light-brown; little sand; slightly damp 0-13
Sand and gravel; sand, medium- to coarse-grained, poorly sorted, brown; gravel to 2-in. diameter, well- 13-15
rounded, quartzite
Gravel and sand, same as above but more gravel 1521
Sand and gravel with some silt and clay; gravel same as above 21-2%
Gravel, well-rounded quartzite to 2-in. diameter, with fine-grained sand and silty clay 26-32
Gravel with sand, silt, and clay, as above; water 32-34
Gravel and sand, fine- to medium-grained 34-3%
Clay, soft to moderately hard, light-gray-brown to yellowish-brown; little silt and very fine grained sand 38-42
Clay, as above, hard, with little dark-gray carbonaceous clay 49-51
Clay, gray, dense, hard 51-57
Clay, mostly hard, gray and yellowish-brown 57-61
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Table 2. Lithologic logs and completion details for test wells and boreholes drilled in 1995 in the Fort Peck Indian Reservation,
northeastern Montana (Continued)

Description I();:g'
Well name: B-3--continued
Completion details:
Well completion:
6-in. steel casing +2.0-33
6-in. steel casing, 1-ft by 0.01-ft torch-cut perforations 33-34
6-in. steel casing, with open end 34-34.5
Finish:
Bentonite grout 0-20
Native backfill 34.5-61

Remarks: Well drilled using air (and limited water) rotary; completed on July 7, 1995. Site geologist, E. Kendy. Developed by airlift
for 60 minutes at 12 gpm. Well installed as observation well near well B-4 to be used for aquifer test. Well plugged and abandoned on
September 10, 1996.

Well name: B-4

Location number: 31N46E16DADA02
Geologic unit: Flaxville Formation
Lithology: See description of well B-3
Completion details:

Well completion:

6-in. steel casing +2-27

6-in. steel casing, 1-ft by 0.01-ft torch-cut perforations 27-37

6-in. steel casing, with open end 37-38
Finish:

Bentonite grout 0-18

Native backfill or sand pack none

Remarks: Well drilled using air (and limited water) rotary; completed on July 8, 1995. Site geologist, E. Kendy. Developed by airlift
for 25 minutes and pumping for 54 minutes at 14 gpm. Well installed as pumping well for aquifer test.

Borehole name: WN-1
Location number: 31N46E17CDCDO1
Geologic units: Flaxville and Hell Creek Formations

Lithology:

Topsoil; silt, sandy, medium-brown 0-2.5
Sand, silty, tan 2.5-4

Sand, silty, clayey, poorly sorted, light-brown, damp 4-7

Sand, fine-grained, tan; less fine-grained material than above; damp 7-12
Sand, fine- to medium-grained, damp 12-13
Gravel with sand, silt, and clay; poorly sorted; damp 13-14
Sand, fine- to medium-grained, damp 14-15
Clay, sandy, silty, poorly sorted, brown, damp 15-16
Sand, coarse-grained, with finer sand, silt, and clay; light-brown, damp 16-17
Clay, solid, very dense, light- to medium-brown, calcareous; some horizons softer 17-36
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Table 2. Lithologic logs and completion details for test wells and boreholes drilled in 1995 in the Fort Peck Indian Reservation,
northeastern Montana (Continued)

Description %:2::'
Borehole name: WN-1--continued
Clay, sandy, silty, solid, dense, light-brown, calcareous; sand is very fine-grained 36-4¢
Sand, fine- to medium-grained, reddish-brown 48-5%
Gravel, rounded quartzite with 1-2-in. diameter; bottom of Flaxvilie Formation 55-73°
Clay, sandy, light-brownish-gray 73-77
Sand, fine-grained, reddish-brown 77-1C0

Remarks: Borehole drilled using air (and limited water) rotary; completed on July 14, 1995. Site geologist, D.A. Nimick. Borehole
plugged and abandoned because shallow ground water was not encountered.

Borehole name: WS-1
Location number: 31N46E20CDDCO!

Geologic units: Flaxville and Hell Creek Formations

Lithology:

Topsoil; silt, sandy, dark brown 0-2
Gravel, poorly sorted 2-4
Sand 4-10
Clay, sandy, light-brown, damp 10-15
Silt, clayey, sandy, light-brown, damp 15-18
Sand, fine-grained, well-sorted, brown 18-28
Gravel and sand, well-rounded quartzite with 1-2-in. diameter; bottom of Flaxville Formation 28-43
Clay, light grayish-brown, dry 43-49
Clay, gray 49-52
Clay, sandy, reddish-brown 52-53
Sand, fine-grained, silty, clayey, light-brown, damp 53-65
Sand, fine-grained, alternating reddish-brown and light-brown; fewer fines than above 65-90
Clay, gray, dense 90-102
Sand, fine-grained, reddish-brown 109-127

Remarks: Borehole drilled using air (and limited water) rotary; completed on July 12, 1995. Site geologist, D.A. Nimick. Parehole
plugged and abandoned because shallow ground water was not encountered.

Well name: H-1
Location number: 33N44E22CDCCO01
Geologic unit: Flaxville and Hell Creck Formations

Lithology:

Topsoil, silty, gray-brown, dry 0-3

Silt, gray-brown, calcareous, with little very fine limestone gravel, dry 3-5

Sand, very fine to fine-grained, well-sorted, interbedded light-brown and yellowish-brown, dry; 5-10
calcareous at 5 ft; non-calcareous at 9 ft

Sand, fine- to medium-grained, well-sorted, light-brown to brown, slightly calcareous; occasional 10-19
rounded gravel to 0.5-in. diameter

Sand, medium-grained, fair sorting, non-calcareous, dry; occasional rounded gravel to 0.5-in. diameter 19-25
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Table 2. Lithologic logs and completion details for test wells and boreholes drilled in 1995 in the Fort Peck Indian Reservation,
northeastern Montana (Continued)

Description ?f':z:';
Well name: H-1--continued
Sand, medium- to coarse-grained, fair sorting, damp, non-calcareous; occasional rounded gravel to 0.5- 25-26
in. diameter
Sand, brown, medium- to coarse-grained, fair sorting, brown, non-calcareous, wet; occasional rounded 26-26.5
gravel to 0.5-in. diameter
Gravel and sand; quartzite gravel, well-rounded; poorly sorted sand 26.5-34
Gravel, some sand; quartzite gravel to 2-in. diameter, well-rounded; sand poorly sorted and brown 34-36
Clay, dense, medium-hard, dark brown-gray, non-calcareous 36-40
Clay, light-gray and dark-gray, carbonaceous, non-calcareous; light-gray clay is soft; dark gray clay is 40-41
hard, dense
Clay, hard, dense, light-gray; possibly some shale 41-57
Clay, sandy, silty, light-brown to light-brown-gray; sand very fine to fine-grained; little water 57-65
Sand, very fine-grained, clayey, light-brown; water 65-70
Sand, brown, generally increasing grain size with depth from fine-grained to medium-grained at 81 ft; 70-81
water
Completion details:
Well completion:
6-in. steel casing +2.1-73.5
6-in. steel casing, 1-ft by 0.01-ft torch-cut perforations 73.5-74.5
6-in. steel casing, with open end 74.5-75
Finish:
Bentonite grout 0-20
Native backfill or sand pack none
Backfill, caved hole material 75-81

Remarks: Well drilled using air (and limited water) rotary; completed on July 7, 1995. Site geologist, E. Kendy. Developed by pumping
for 269 minutes at 15 gpm. Static water level: 24.28 ft BLS. Pumping water level: 43.50 ft BLS. Well plugged and abandoned on Sep-

tember 10, 1996.

Well name: H-2

Location number: 33N44E22CDCC02
Geologic unit: Flaxville Formation
Lithology: See description of well H-1

Completion details:

Well completion:
6-in. steel casing +2.0-26
6-in. steel casing, 1-ft by 0.01-ft torch-cut perforations, open end 26-32
Finish:
Bentonite grout 0-23
Native backfill or sand pack none

Remarks: Well drilled using air (and limited water) rotary; completed on July 9, 1995. Site geologist, E. Kendy. Developed by airlift for
92 minutes and by pumping for 115 minutes at 1 gpm. Static water level: 22.21 ft BLS. Pumping water level: 27 ft BLS. We'l plugged
and abandoned on September 10, 1996.
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Table 2. Lithologic logs and completion details for test wells and boreholes drilled in 1995 in the Fort Peck Indian Reservation,
northeastern Montana (Continued)

Description %T:‘:;
Well name: R-1
Location number: 33N45E26CBAAO1
Geologic unit: Flaxville and Fort Union Formations
Lithology:
Topsoil, sandy silt, brown 0-2
Sand, gravely, medium-grained, brown 2-5
Sand, well-sorted, medium-brown, damp 5-11
Gravel and fine- to medium-grained sand, reddish-brown; pebbles up to 2-in. diameter 11-16
Gravel with yellowish-brown and reddish-brown sand 16-24
Clay, medium-gray with yellowish-brown rinds, partially weathered, damp, plastic, minor carbonaceous 24-32
material
Sand, fine-grained, light-brown 32-36
Clay, gray, damp, dense, semi-plastic 36-42
Coal, black 42-48
Clay, gray, damp 48-54
Completion details:
Well completion:
6-in. steel casing +2.0-40.5
6-in. steel casing, 1-ft by 0.01-ft torch-cut perforations 40.5-45.5
6-in. steel casing, with open hole atend 45.5-46
Finish:
Bentonite grout 0-16
Native backfill or sand pack none

Remarks: Well drilled using air (and limited water) rotary; completed on July 12, 1995. Site geologist, D.A. Nimick. No well develop-
ment because of insufficient water. Well plugged and abandoned on September 10, 1996.
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Table 3. Physical data for and nitrate concentrations in water samples from private wells, test wells, and springs in areas
underlain by the Flaxville Formation in the Fort Peck Indian Reservation, northeastern Montana

[Geologic unit: Qal, Quaternary alluvium; Qt, Quaternary glacial till; Qw, Pleistocene Wiota Gravel; Tf, Miocene and Pliocene Flaxville Formation; Tfu,
Paleocene Fort Union Formation; Khc, Upper Cretaceous Hell Creek Formation; Kfh-Khe, Upper Cretaceous Hell Creek Formation and Fox Hills Sandstone.

Abbreviations: pS/cm, microsiemens per centimeter at 25 °Celsius; mg/L, milligrams per liter; lab, laboratory. Symbols: <, less than; --, no data}

Well Water . Nitrate
o depth Date level Al('f':e’:’e Specific Nitrate, plus
. eologic feet ear, feet conduc- field nitrite,
Location number unitg b(elow n(z)ntl;, b(elow als)o;e tance (meg/L Iabe
land day) land Ie:el) (uS/cm) as N) (mg/L
surface) surface) as N)
29N42E03BCCCO01 Qw 63 19940814 59.60 2,700 1,300 59 --
29N44E03BBCAO01 Khe 120 19891024 51.22 2,679 560 - --
19941003 - -- 562 25 32
29N44E09ACDCO1 Khe 80 19940927 - - 1,040 8.2 11
29N44E14ADABO1 Khc 65 19940927 - -- 737 39 4.0
19950509 - -- 710 3.1 4.0
29N44E16DDDCO1 Khe 85 19940927 -- - 594 39 4.1
29N44E23BCCAOQ1 . Khe 125 19940927 - - 970 8.2 11
29N44E23BCCDO1 Khe 125 19940927 - - 1,060 9.2 -
29N45E18CCBBO! Khe 110 19940927 - -- 631 10.3 14
19950502 - - 626 12.0 16
29N46E02DDACO1 Khe 104 19940813 37 2,643 489 9.8 -
29N46E0SDCCDO1 Qal 30 19941002 15.47 2,410 858 7 40
29N46E08ABBDO! Qal 38 19941002 -- -- 885 2 .20
29N46E10DAABO1 Tfu 100 19890501 75 2,630 510 - --
19940811 - - 500 34 --
19950507 - - 501 2.7 35
29N46E10DAACO1 Tfu 100 19890501 -- -- 685 - --
19940811 -- -- 825 12.1 --
19950507 -- -- 697 9.9 12
29N46E11DDACO1 Khe 200 19940814 -- -- 1,120 11.5 --
29N47E06CBCCO1 Tf 50 19940814 27.60 2,657 715 16.0 -
30N42E01CDBCO01 Tf 22 19890607 12.11 2,728 5,060 - -
19890804 13.30 2,727 4,800 - --
19940812 - - 5,780 10.6 16
19950519 - -- 5,070 11.7 18
30N42E02DDBBO01 Tf 24 19940815 18.83 2,716 2,310 35 --
30N42E04DCDAO01 Tf - 19940813 - - 1,970 10.0 -
30N42E33DDDDO01 Tf 60 19890514 46.82 2,708 2,240 - -
19890804 47.60 2,707 2,000 - -
19940812 -- - 2,250 14.0 -
19950508 - -- 1,970 11.1 17
30N44E09CBABO1 Khe 65 19940929 9.97 2,760 1,760 0 .09
30N44E20ACBAO1 Kfh-Khc 68 19941001 49.79 2,745 1,110 11.7 16
19950503 - - 1,050 14.1 15
30N44E22BCBCO1 Khe 72 19941001 5145 2,734 662 5.5 6.6
30N44E28DCDBO1 Kfh-Khe -- 19941002 - - 805 1.6 23
30N45E04CCADO1 Khe 151 19941001 134.11 2,656 360 .6 .78
30N45E16ACBDO1 Khe 177 19940928 125.55 2,619 402 0 <.05
19950502 - - 417 1 <.05
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Table 3. Physical data for and nitrate concentrations in water samples from private wells, test wells, and spring= in areas
underlain by the Flaxville Formation in the Fort Peck Indian Reservation, northeastern Montana (Continued)

Well Water . Nitrate
ceotoc dfept:\ Date hfave: A'('f';:fe Spe;ific Nfitrla(:e, plus
eologic ee ear, ee nduc- i nitri
Location number unitg b(elow rg)nth, b( elow al;:;le c‘:an cuec (meg L |It;;;e,
land day) land level) (uS/cm) as N) (mg/L
surface) surface) as N)
30N45E28BBDA02 Khe 180 19940928 - - 510 0 -
30N45E28BBDB01 Khe 176 19890608 153.86 2,581 509 -- --
19940928 158.86 2,576 509 0 <.05
30N46E02BBCDO01 Tf - 19830915 25.60 2,724 670 -- 1255
19940814 26.00 2,724 875 223 -
30N46E10DDDBO01 Khe 160 19761010 120 2,605 - - -
19940812 - - 775 21.1 -
19960421 - - 767 - 23
30N46E10DDDB02 Khe 210 19940812 - - 790 273 -~
19950817 - - 711 17 21
30N46E13CCCCO01 Tf 40 19940813 15.38 2,698 568 6.2 --
30N46E14DDACO1 Khce 160 19940813 - - 700 6.0 -
30N46E14DDDDO01 Tf 40 19890501 9.41 2,706 555 - -
19890719 9.94 2,705 530 - 11
19940813 10.91 2,704 893 24.6 -
19960419 - - 578 - 14
30N46E26DCBCO01 Khe 247 19940812 -- - 485 7 -
30N47E08DBBAO1 Tf 40 19941004 26.75 2,678 539 12.8 18
30N47E12ADCCO1 Tf 35 19940924 13.11 2,678 415 7.1 8.9
30N47E24ACDCO1 Tf 37 19940923 22.84 2,676 10,300 8.5 14
30N47E24DABAO1 Tfu 136 19940923 79.97 2,625 550 1.1 1.5
30N47E31BCBCO! Tf 58 19830901 36 2,669 500 - 177
19940811 40.99 2,664 555 19.6 -
19960418 - - 701 21.5 31
30N47E31BCBC02 Tf - 19940811 39.58 2,665 430 7.5 --
19960418 - -- 456 - 10
30N47E31BCBC03 Khe - 19940811 - - 570 9 -
19960418 - - 552 2 <.05
30N48E07BAABO1 Tf 38 19940924 9.17 2,673 1,210 11.0 18
19950521 - -- 744 10.7 19
30N48E07BAABO02 Khe 217 19940924 177.92 2,504 980 0 <.05
19950521 -- - 977 0 17
30N48E20DAABO1 Tf 36 19940928 6.45 2,604 3,780 6.3 83
30N48E22DDCA012 Tf - 19830910 -- - 450 - 32
19940812 - - 525 13 44
30N48E32BCBCO01 Khe 100 19940925 37.97 2,602 1,320 4.0 5.1
30N49E03ABDDO1 Kfh-Khc 440 19941003 367 2,298 923 3 <.05
31N42E25ABCB01 Qt 32 19940814 24.10 2,866 2,850 8.5 -
31N42E27BABAO1 Qt 33 19940814 27.2 2,793 2,960 12.7 --
31N42E28DCDDO01 Tf 18 19890607 10.28 2,775 4,030 - --
19940812 12.54 2,772 4,760 8.2 -
31N43E20CDDDO0O1 Qt 20 19940815 -- -- 905 6.1 -
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Table 3. Physical data for and nitrate concentrations in water samples from private wells, test wells, and springs in areas
underlain by the Flaxville Formation in the Fort Peck Indian Reservation, northeastern Montana (Continued)

Well Water . Nitrate
R depth Date level Al(tf';:?e Specific Nitrate, pls
. eologic feet ear, feet nduc- fi nitrite,
Location number unitg b(elow rzmth, b(elow above c?a:cue (meg;;jL |Ita:':e
fand day) land | :f;) (nS/cm) as N) (maL
surface) surface) as N)
31N43E20CDDD02 Qt 20 19940815 - -- 1,050 6.1 --
31N43E29BCCBO1 Qt 40 19940816 -- -- 1,000 15.5 22
19950508 -- - 929 17.6 22
31N43E29BCCDO1 Qt 25 19940816 - - 764 144 --
31N43E30DCABO! Qt 33 19940815 - - 1,530 16.8 -
31N44E10BCDCO01 Kfh-Khe 180 19940930 - - 597 1.3 1.5
31N44E12DAABO1 Khe 73 19830912 18.7 2,902 450 -- 3331
19941003 19.0 2,902 441 3.0 31
19950503 -- - 450 4.0 2.7
31N44E13CABAO1 Khe 120 19941003 - - 914 2.8 3.6
31N44E15BADBO1 Kfh-Khe 150 19940930 - -- 514 1.2 1.3
19950506 - -- 508 1.2 1.3
3IN44E17DDAAO1 Kfh-Khe 170 19940930 145 2,785 491 11 1.5
31N44E20BDBDO01 Kfh-Khe - 19940930 -- - 600 6.0 7.9
31N44E24ADACO1 Kfh-Khe 70 19830913 29.23 2,883 760 -- 1175
19941003 - - 662 16.1 24
31N44E27CCCCO1 Kfh-Khe 114 19940929 84.26 2,781 656 1.4 1.6
31N44E28AAABO1 Kfh-Khe -- 19940929 -- - 1,250 35 44
31N44E28AAACO1 Kfh-Khe 125 19940929 103.68 2,791 793 6.9 10
31N44E33DABAO1 Kfh-Khe 130 19940929 76.29 2,784 585 2.6 3.2
19950504 73.33 - 574 1.7 2.3
31N44E33DADAO! Kfh-Khe -- 19940929 -- - 602 5.3 5.6
31N44E34BABAO1 Kfh-Khe 180 19940930 77.22 2,773 478 5.1 6.0
31N45E14ABCBO1 Tf 45 19941001 15 2,889 552 8.5 10
19950520 - - 519 8.4 10
3IN45E15ABAAO] Tf 46 19941001 -- -- 1,050 15.1 14
19950520 - -- 1,030 14.4 27
31N4SE15DDABO1 Tf 36 19830913 21.08 2,883 960 - 116.9
19941001 20.80 2,883 1,120 15.9 27
3IN4SE18ABBAO1 Tf 60 19941001 - - 714 18.3 31
31IN45E18BAAAOI Tf 50 19941001 37.25 2,888 802 20.9 32
31N45E18BBBDO01 Khe -- 19941004 - - 1,090 13.9 25
31N45E25CCABO! Kfh-Khe 260 19940930 - - 1,130 15.0 21
19950509 - -- 1,130 17.5 22
31N45SE32AAADO! Tf 53 19940929 43 2,797 775 14.4 23
31N45SE32DADBO01 Khe 189 19830912 148.11 2,692 680 -- 18.07
19941001 -- - 571 6.0 7.8
31N45E36BCBBO1 Khe 100 19941002 42.07 2,780 623 10.1 14
31N46E01CBCAO1 Tfu 90 19940816 51.55 2,823 634 13.7 17
31N46E02DDACO1 Tf 30 19960419 - -- 682 - 22
31N46E02DDBDO1 Tf 36 19830914 33.64 2,846 670 -- 120.8
19940816 - - 660 18.8 --
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Table 3. Physical data for and nitrate concentrations in water samples from private wells, test wells, and springs in areas
underlain by the Flaxville Formation in the Fort Peck Indian Reservation, northeastern Montana (Continued)

Well Water . Nitrat
depth Date level At?;:;‘e Specific Nitrat~, pluse
. Geologic feet ear feet nduc- i itri
Location number unitg b(elow n(l‘:mtt;, b(elow al;:;/e c?a:(;c (:':g:?l, mltarl;e,
land day) land level) (nS/cm) as N) (mg/L
surface) surface) as N)
19960419 - - 705 -- 25
3IN46E08CBCCO01 Tfu 55 19830913 24.77 2,870 980 -- 127.6
19941003 - - 862 15.4 23
19950818 -- - 913 20.4 27
31N46E08CCBAO1 Tfu 85 19950818 23.80 2,870 707 11.0 19
19960419 -- - 686 -- 20
31N46E11CBBC01 Tf 35 19940815 - -- 1,490 18.8 -
19950520 -- - 1,350 20.1 27
3IN46E11CBBDOI Tf 35 19940815 -- -- 1,740 55.4 --
19950520 -- -- 2,020 54.8 82
31N46E15CBCCO01# Tfu 131 19950815 127.48 2,692 -- - --
31N46E15CBCC02* Tfu 60 19950815 37.02 2,782 724 1.6 .90
19960420 - - 610 - 73
31N46E15CCCBO01 Tf 37 19940815 29.47 2,786 1,080 223 -
19950504 - - 1,070 19.7 23
31N46E16DADAOI* Tf 34 19950707 26.98 2,794 1,230 -- --
19950815 26.86 2,794 854 20 22
19960420 -- - 1,190 - 20
31N46E16DADA02* Tf 38 19950708 27.05 2,794 1,230 -- 22
19950816 26.92 2,794 1.240 20 21
31N46E18ABBAO! Kfh-Khe 300 19941001 -- - 908 1.5 1.1
31N46E24DCDCO01 Tf 49 19811204 39 2,730 747 -- 3230
19940926 37.22 2,728 655 124 16
31N46E24DCDCO02 Tf 46 19940927 38.18 2,727 690 12.9 18
31N46E28DDCDO1 Khe 150 19940814 90.25 2,660 873 19.5 -
19950507 -- -~ 872 243 19
31N47E02DADDO1 Tf 50 19940927 -- - 795 11.1 16
31N47E06DDDDO01 Tfu 55 19830914 27.96 2,842 550 - 110.5
19890502 30.10 2,840 655 -- -
19940816 - - 610 18.3 -
19960419 -- - 705 - 27
31N47E06DDDDO02 Tfu 60 19890502 34.99 2,835 465 - -
19890719 38.91 2,831 440 9.0 7.8
19940816 - -- 540 8.4 -
19960419 - - 489 - 8.1
31IN47EI14AAACO1 Tfu 70 19940928 27.70 2,723 929 T 1.0
19950520 - - 894 1.2 1.6
31N47E16BCAA01 Tfu 100 19940927 41.55 2,770 645 29 33
19950521 - - 637 2.8 3.0
3IN47E16BCAA02 Tfu 65 19940927 - -- 555 8.0 10
19950521 - -- 546 7.4 8.9
31N48E07CBBAO1 Tf 30 19830909 12.30 2,740 1,030 - M2
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Table 3. Physical data for and nitrate concentrations in water samples from private wells, test wells, and springs in areas
underlain by the Flaxville Formation in the Fort Peck Indian Reservation, northeastern Montana (Continued)

Well Water . Nitrate
depth Date level Al(t;:;?e Specific Nitrate, p'us
. Geologic feet ear, feet conduc- fi itri
Location number unitg b(elow n%ntl;, b(elow a::ve tance (meg;?L mIT:;e,
land day) land o :I) (uS/cm)  asN) (maiL
surface) surface) ac N)
19940928 11.35 2,741 1,230 4.1 7.1
31IN48E17ABAAO1 Tf - 40 19940929 10 2,698 547 39 5.2
31N48E18BCBCO1 Tf 30 19890429 27 2,715 650 - -
19940929 -- - 614 72 11
31N48E25BBCBO1 Tf 30 19890429 27.82 2,652 2,350 -- --
19890804 27.87 2,652 1,900 - --
19940929 28.93 2,651 2,270 15.3 22
31N48E26BCDAO1 Tfu 85 19940929 -- -- 2.200 13.7 20
31N48E28BABDO01 Tf 40 19890429 32 2,678 670 -- --
19940929 -- - 807 10.0 16
31N48E28BACBO1 Tf 35 19941003 21.37 2,689 947 16.8 34
31N48E30CBCDO1 Tfu 66 19670619 30 2,620 -- -- -~
19940926 -- -- 355 2.1 2.6
31N48E31DCCCO1 Tfu 130 19940926 110 2,510 715 1.1 --
3IN5S1EO01ABBBO1 Tfu 303 19940812 176.70 2,438 1,100 9 --
3IN5S1E04AAADOI Tfu 100 19940814 39.84 2,605 2,550 17.1 -
3IN51E04DDABO1 Tfu 90 19940812 52.48 2,537 829 2.3 1.2
32N44E03BDCA01 Khe 70 19850621 62.99 2,878 1,320 -- 3393
19940928 63.13 2,878 1,490 73.2 90
19950518 -- - 1410 70.0 83
32N44E04CBBDO} Khe 115 1963 90 2,832 -- -- -
19940928 -- - 508 12.6 17
32N44E05DBCCO01 Khe 135 19840915 - - 464 -- 3530
19940930 -~ - 454 1.8 1.1
32N44E06ADDBO01 Kth-Khe 160 19840915 - -- 466 - 37.14
19940930 -- - 535 6.8 9.1
32N45E05BBCCO! Tf 50 19890515 29.14 2,862 535 -- -~
19890719 34.05 2,857 500 15 16
19940810 31.45 2,860 532 14.4 -
19960420 - - 506 - 15
32NS0E12AAAAO1 Tfu 176 19940813 - -- 964 7 -
32N51E04BCBAO1 Tfu 55 19940812 39.42 2,491 1,330 9 --
32N51E05BAABO1 Ttu 124 19940812 9.48 2,526 1.430 4.0 --
32N51E0SBAABO2 Tfu 45 19940812 - - 1,330 1.0 --
19950516 - -- 1,190 2 11
32NSIE17DCCCO1 Tfu 87 19940812 9.26 2,646 1.440 11.0 --
32N51E20ABBAO1 Tfu -- 19940812 - -- 1,170 6.7 -
19950505 -- -- 970 3.8 5.6
32N51E31CCCAQ1 Tfu 195 19940813 - - 1,010 0 --
32N52E04BBBB01 Tfu 50 19940813 31.32 2,494 908 4.8 --
19950516 -- - 599 10.1 13
32N52E04BBBB02 Tfu 50 19940813 -- - 718 5.6 --
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Table 3. Physical data for and nitrate concentrations in water samples from private wells, test wells, and springs in areas
underlain by the Flaxville Formation in the Fort Peck Indian Reservation, northeastern Montana (Continued)

Well Water . Nitrate
depth Date level Al(tf::::ie Specific Nitrate, plus
. Geologic feet ear. feet nduc- iel nitri
Location number unitg b(elow n(xamt’l, b(elow a::\are c?a:cl:e (:neg?L :;'l:e,
land day) land level) (uS/cm) as N) (mg/L
surface) surface) as N)
33N40E23BBACO1 Tf 62 19940810 17 2,863 1,000 6.3 --
33N40E23BBDAO! Tf 58 19940810 1 2,879 970 4.3 --
33N40E28ABACO1 Tf 23 19940810 5 2,835 1,390 6.1 -
19950519 -- - 1,160 6.3 8.7
33N41E14BADDO! Tf 75 19890514 53.63 2,831 515 - -
19890804 54.10 2,831 445 - -
19940809 54.17 2,831 538 53 --
33N41E17AADCO! Tf 64 19940811 45 2,835 2,730 9.2 --
33N41E17AADCO02 Tf 60 19940811 48.93 2,831 2,590 11.2 --
33N41E20DBBAO1 Tf 86 19940810 52 2,828 1,030 1.2 -
33N41E20DBBDO1 Tf 36 19940810 33.22 2,847 2,040 12.4 --
19950517 - - 2,460 154 30
33N42E22BDADO1 Tf 60 19940811 3 2,897 1,270 2.6 -
33N42E22BDDAO1 Tf 51 19940811 -- -- 817 7 -
33N42E24ABACO1 Tf 30 19940927 - -- 750 9.3 14
19950518 - - 622 12.4 17
33N42E33BCCCO1 Tf 95 19890607 30.65 2,899 740 -- --
19940809 34.76 2,895 823 6.3 -
33N42E33CCBBO! Tf 75 19890607 8.42 2,897 970 -- -
19940809 15.84 2,889 1,090 3.5 -
33N42E36BAACO1 Tf 39 19940813 29 2,891 626 21.5 -
19950517 -- - 612 20.5 26
33N43E07CDDDO01 Tf - 19840915 - - 550 - 313.8
19940815 - - 561 9.3 -
33N43E08CDCCO1 Tf - 19940812 - - 510 14.5 -
33N43E11CDBDO01 Tf 30 19940927 15 2,873 546 11.2 15
33N43E17DAACO! Tf 90 19840915 - - 520 -- 3175
19940928 - - 533 13.6 18
33N43E25ADADO! Kfh-Khe 165 19840915 - - 388 - 308
19890418 30.00 2,875 441 - -
19891024 29.59 2,875 440 - -
19940928 28.24 2,877 431 3 <.05
33N44E10BABB01 Kfh-Khe 160 19940810 43.09 2,827 593 19.1 --
33N44E22BBBCO0! Tf 35 19940810 - -- 524 17.1 -
19950518 - - 508 12.8 18
33N44E22CDCCO14 Khe 74 19950708 24.28 2,866 398 - .97
19950817 24.16 2,866 388 0 .94
19960420 - - 368 - .76
33N44E22CDCC02* Tf 32 19950709 22.21 2,868 518 - 16
19950817 22.19 2,868 510 15.1 16
19960420 - - 498 - 16
33N44E25CCCCo01 Tf 39 19940811 29.25 2,866 531 174 --
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Table 3. Physical data for and nitrate concentrations in water samples from private wells, test wells, and springs in areas
underlain by the Flaxville Formation in the Fort Peck Indian Reservation, northeastern Montana (Continued)

Well Water . Nitr.
depth Date level Al(tf';:;’e Specific Nitrate, |:»tlt.:!ste
. Geologic feet ear feet conduc- i ri
Location number unitg l:felow n(xmtr;, b(elow aggze ‘t)ance (:ne;L ) Iage,
land day) land level) (uS/cm) as N) (mg/L
surface) surface) r« N)
33N44E30ABBBO01 Tf 60 19840915 - - 423 - 3.08
19940928 - - 451 9 .19
33N44E33BBADO! Tf 65 19840915 - -- 389 -- 27.7
19940810 47.09 2,868 584 19.5 --
19950519 - -- 534 13.4 19
33N45E26CBAAO014 Tfu 54 — - - - - -
33N45E26DBADO12 Tfu - 19950502 - - 667 0 -
33N45E27DADCO12 Tfu - 19950502 - - 695 0 -
19950817 -- - 707 - <.05
19960419 -- - 710 - .07
33N45E32ABBDO1 Tfu 40 19940811 - - 609 17.0 -
33N45E32ABBD02 Tfu 70 19940811 - -- 1,000 26.9 -
33N45E33BBCCO01 Tfu 40 19940811 - - 1,350 13.2 -
33N49E24CCDAO! Tfu 94 19940921 53.78 2,658 503 1.8 1.1
33N49E24CCDCO01 Tfu 96 19830915 - - 1,040 - 1866
19940921 53.40 2,632 698 3.7 5.7
19950505 - - 536 1.6 1.7
19960418 - - 535 1.3 1.8
33N49E26DAAAOQ!L Tfu 155 19940921 70.09 2,595 1,150 Wi <.05
33NSOE18BCBBO! Tfu 160 19940922 55.58 2,615 530 3 <.05
33NSOE24BDDCO01 Tfu 160 19890512 9.59 2,530 1,310 - -
19891027 941 2,531 1,320 -- -
19940815 - - 1,310 5 -
19950516 -- - 1,320 3 <.05
33NS0E24DCBBO1 Tf 34 19940815 8.67 2,503 1,030 44 -
19950516 -- - 1,050 4.3 6.0
33NS1E20DCCCO1 Qt 13 19890512 10.50 2,488 1,130 - -
19940815 9.65 2,488 1,370 5.4 -
33NS1E28BAACO! Tf -- 19940815 26.27 2,504 869 6.4 --
33NS1E35CBCA01 Tfu 100 19850709 54.72 2,485 893 - 3.09
19940816 60.10 2,480 941 1.1 -
33N52E27CCBDO! Tfu 214 19940816 83.44 2,557 912 4 -
33N52E27CCBD02 Tfu 160 19940816 -- - 1,050 1.1 .07
33N53E12DCADO1 Tfu 200 19940809 - - 1,200 1.5 -
33NS4E07CDABO1 Tfu 200 19940809 - - 1,100 - -
33N54E18CDDBO01 Tfu 82 19940809 55.01 2,235 1,900 7 -

! Data from Donovan and Bergantino (1987).

2 Spring.

3 Data retrieved from the Montana Bureau of Mines and Geology Ground Water Information Center data base.

4 Test well.
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Table 4. Ground-water-chemistry data for samples from selected private wells, test wells, and a spring in areas underlain by the
Flaxville Formation, 1989, 1995-96, Fort Peck Indian Reservation, northeastern Montana

[Constituents are dissolved, except as indicated. Data collected during 1989 from Thamke (1991). Geologic unit: Qal, Quaternary alluvium; Qt, Quaternary
glacial till: Tf, Miocene and Pliocene Flaxville Formation; Tfu, Paleocene Fort Union Formation; Kfh-Khc, Upper Cretaceous Hell Creek Formation and Fox

Hills Sandstone. Abbreviations: °C, degrees Celsius; pg/L, micrograms per liter: uS/cm, microsiemens per centimeter at 25°C; mg/L, mélligrams per liter.
Symbols: --, no data; <, less than.]

o vl che g e O G Meme g, P M g
Location Geo- (feet con-  field pera-  dis-  dis- dis- dis- dis- fied JiS

number logic unit blelow Date duct-  (stan- ture, solved, solved solved solved )\ ed (mg/L solved

. ance, dard Gl Tfield (mgL (mgt MIL  mgL as (MIL
sur field —units) ooy (mgiL) asCa) asMg) 25N ask) caco, 25
tace) (uS/em) 3 80y,
20N44E14ADABOl  Kfhi-Khe 65 050995 710 79 90 45 1s 15 120 23 282 62
20N45E18CCBBOI  Kfh-Khe 110 05-02:95 626 7.6 9.0 138 29 31 51 20 212 20
29N46EI0DAABOl  Tfu 100 05-0795 501 79 100 88 23 20 57 26 231 20
29N46E10DAACOI  Tfu 100 050795 697 7.9 9.0 93 38 54 24 2.0 286 37
30N42E01CDBCO! T 22 051995 5070 7.6 9.0 92 130 190 780 6.2 363 1.900
30N42E33DDDDO1 T 60  05-0895  1.970 7.8 8.5 85 99 77 220 4.1 258 570
30N44E20ACBA0!  Kfh-Khe 68  05-03-95 1,050 7.7 8.5 9.5 3] 70 77 33 243 180
30N45E16ACBDO1  Kfh-Khe 177 05-0295 417 7.2 8.5 I 28 15 40 1.9 198 20
30N46E10DDDB02  Kfh-Khe 200 081795 711 7.7 9.5 1.5 50 40 30 24 236 31
30N46E14DDDDO! Tf 40 07-19-89 555 7.7 1.0 70 67 25 T 2.1 227 15
04-1996 578 7.5 10.0 5.5 70 23 12 13 225 18
30N48E07BAABO1 T 38 052195 744 7.5 6.0 40 59 31 35 14 252 28
30N48E07TBAAB02  Kfh-Khe 217 052195 977 75 100 1 54 34 120 33 451 94
31N43E29BCCBO] ot 40 05-08-95 929 7.9 9.0 g7 57 46 69 29 217 150

3IN44E12DAABOl  Kfh-Khe 80  05-03-95 450 7.6 8.0 7.5 35 27 19 3.7 227 8.5
3IN44E1SBADBOI  Kfh-Khe 150 05-0695 508 7.9 8.5 80 30 19 50 2.5 190 61
3IN44E33DABAOI  Kfh-Khe 130 05-0495 574 7.8 9.0 87 28 29 51 2.1 235 44
3IN4SE14ABCBOI T 45 052095 519 7.3 8.0 50 35 31 22 3.2 216 19
3IN4SEISABAAOI Tf 46 052095 1,030 7.6 8.5 8.1 48 66 83 4.1 363 61
3IN4SE25CCABOl  Kfh-Khe 260 05-09-95  1.130 7.7 9.0 74 63 67 73 95 383 77
3IN46E08CBCCO1 Tfu 55 08-1895 913 7.8 9.0 9.3 38 63 51 39 323 29
31N46E11CBBCO1 T 35 05-20-95 1350 7.5 9.0 30 49 78 110 34 444 51
31N46E11CBBDO] TF 35 05-2095 2,020 7.2 7.0 1.2 82 150 87 39 4% 72
3IN46EISCBCCO2!  Thu 60  08-1595 724 76 150 - 40 a2 47 39 271 9
31N46E15CCCBO1 Tf 37 050495 1070 7.6 8.5 8.3 56 63 7 4.1 319 130
3IN46E16DADAOI'  Tf 34 081595 854 77155 83 & 69 38 3.7 334 180
3IN46E16DADA02!  Tf 37 08-1695 1240 7.9 8.5 - 63 69 88 38 342 180
3IN46E28DDCDO]  Kfh-Khe 150 050795 872 78 8.5 8.3 70 43 45 3.1 276 80
3IN4TEI4AAACOI  Tfu 70 05-2095 894 7.0 8.0 1.1 57 65 35 22 404 60
3IN4TEI6BCAA0]  Tfu 100 052195 637 8.0 9.0 87 35 35 50 30 296 a4
3IN4TEI6BCAAO2  Tfu 65 052195 546 8.0 7.5 9.1 25 28 46 2.6 214 23
32N44E03BDCAO]  Kfh-Khe 70 05-1895 1410 73 8.5 90 180 48 10 29 216 15
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Table 4. Ground-water-chemistry data for samples from selected private wells, test wells, and a spring in areas underlain by the
Flaxville Formation, 1989, 1995-96, Fort Peck Indian Reservation, northeastern Montana (Continued)

Nitro-
gen- Oxy-
e 15/  gen-18/ Phos-
hlo- - Nitri . -
?i de Fluo- Bro- Silica, Nitrite :u;e nitro- oxy- Am- pho- Iron, Manga Stron- Dis-
" ride, mide, dis- » P gen-14 gen-16 monia, rus, dis- il tium, solved
dis- . ) dis- nitrate, . dis- ) . .
dis- dis- solved stable stable dis- ortho, solved dis- solids, Location
solved solved  dis- N . N solved
solved solved (mg/L iso- iso- solved dis- (ug/L solved calcu- number
(mg/L (mg/L solved (ug/L
as (mg/L (mg/L as asN) (mgiL tope tope (mg/L  solved as as (ng/L lated
cl) asF) asBr) SiO,) asgN) ratio ratioin asN) (mg/L Fe) Mn) as Sr) (mg/L)
in N°3 N°3 as P)
(per- (permil)
mil)
11 1.0 0.12 15 0.01 4.0 8.48 - <0.015  <0.01 <3 <1 180 428  29N44E14ADABOI
20 .5 .09 17 <01 16 9.96 -2.54 <.015 <01 5 <1 310 369  29N45EI18CCBBO!
2.4 5 .05 21 <.01 35 6.23 216 <015 <.01 6 <1 310 301  29N46E10DAABOI
11 3 .08 21 <.01 12 7.09 282 <015 <.01 7 <1 520 413 29N46E10DAACOI
370 .8 3.0 19 .01 18 9.85 - <015 <.01 <9 <3 2,900 3,700  30N42E01CDBCO01
110 3 53 19 .01 17 8.52 - <.015 .05 <3 <1 800 1,330 30N42E33DDDDO01
49 5 35 15 <01 15 11.01 -3.53 <015 <01 4 <I 450 639  30N44E20ACBAOI
32 4 .05 16 <01 <.05 - - .04 <.01 540 230 220 245  30N45E16ACBDOI
8 3 .10 17 <01 21 9.82 - <015 <.01 14 <1 570 424  30N46E10DDDB02
59 2 .03 14 - n - - - - 13 <1 390 327 30N46E14DDDDO1
9.5 2 .04 14 <01 14 - - - - <3 <1 - 345
26 4 .07 16 .03 19 13.87 - .08 18 42 31 490 446 30N48E07BAABOI
5.8 2 12 16 01 17 - - .97 <01 650 16 640 601  30N48E07BAABO2
23 3 22 16 01 22 7.10 - <.015 <.01 <3 <1 570 593 31N43E25BCCBO0!
3.1 4 .06 18 <01 2.7 5.90 -3.79 <.015 <.01 5 <1 450 263 31N44E12DAABO!
5.6 4 .08 17 <01 1.3 5.85 - <.015 <.01 8 3 300 306 3IN44E1SBADBO1
9.0 4 .10 14 <.01 2.3 6.90 -4.20 .02 .06 <3 <1 340 329 31N44E33DABAOI
4.1 .6 .07 15 <01 10 7.20 - <015 .04 <3 <1 440 304 3IN45EI4ABCBOI
23 7 .18 16 <01 27 8.36 245 <015 12 <3 <1 690 640  31N45SEISABAAO]
45 4 .20 15 <01 22 14.48 -- <.015 <.0] 3 1 940 678  31N45E2:CCABOI
22 6 .09 17 <01 27 10.25 - <015 .03 4 <1 620 539  31N46E0fCBCCO1
92 1.2 12 19 <01 27 11.39 =291 <.015 19 <3 <1 700 791 31N46E11CBBCO01
150 1.0 21 18 01 82 12.82 -1.74 02 01 30 <3 1,200 1,220  31N46E11CBBDO1
13 6 23 18 .01 .90 - - .05 .01 <3 77 530 422 31N46E15CBCCO2!
25 i 35 18 <01 23 6.70 2236 <015 .02 <3 <1 780 662  31N46E15CCCBOI1
32 i .43 17 <01 22 7.10 -1.86 .03 .03 70 10 720 752 31N46E1€DADAOL!
33 7 44 18 <.01 21 - - <015 .02 18 <1 750 755 31N46E16DADA02!
24 4 24 15 <01 19 7.99 -1.81 <015 .04 13 1 470 531  31N46E2¢DDCDO1
14 6 18 19 01 1.6 -- - <015 <.01 49 34 630 503  3IN47E14AAACOI
5.2 3 .08 16 <.01 3.0 5.86 -1.69 <015 .02 290 4 570 380 3IN47E16BCAAO0!I
14 4 .14 14 <.01 8.9 7.91 - .02 .02 120 3 460 322 3IN47E16BCAA02
100 <.1 .16 15 <.01 83 9.03 -3.10 .03 <.01 7 <1 840 869 32N44E03BDCAO1

TABLE4 37



Table 4. Ground-water-chemistry data for samples from selected private wells, test wells, and a spring in areas underlain by the
Flaxville Formation, 1989, 1995-96, Fort Peck Indian Reservation, northeastern Montana (Continued)

Depth S -
P pe- Water Oxy- Cal- Magne . Potas- Alka- Sul
of well cific pH, : . Sodium, . L fate,
y tem- gen, cium,  sium, . siur,  linity, .
. (feet con- field " " " dis- . N dis-
Location Geo- pera- dis- dis- dis- dis- field
X .. below Date duct- (stan- solved solved
number logic unit ture, solved, solved solved solved  (mg/L
land ance, dard . " (mg/L (mg/L
" X field field (mg/L. (mg/L (mg'\. as
sur- field units) C) (mgll) asCa) as Mg) as Na) ask) CaCO,) as
face) (uS/em) 9 9 ¥ 80y
32N45E0SBBCCO!1 Tf 50 07-19-89 680 7.4 - 9.0 62 24 9.9 2.8 191 19
32N51E0SBAABO2 Tfu 45 05-16-95 1,190 7.0 8.5 1 97 81 55 53 - 68
32N51E20ABBAOI Tfu - 05-05-952 970 7.3 8.0 - 67 79 22 3.4 328 130
05-05-952 970 7.3 8.0 - 65 76 21 34 -- 130
32NS2E04BBBBO1 Tfu 50 05-16-95 599 7.6 7.5 7.3 50 42 12 2.1 252 24
33N40E28ABACO1 Tf 23 05-19-95 1,160 7.8 6.0 9.4 62 50 110 5.0 242 290
33N41E20DBBDO1 Tf 36 05-17-95 2,460 7.5 7.5 7.2 150 140 190 16 347 700
33N42E24ABACO1 Tf 30 05-18-95 622 7.8 8.0 9.0 48 27 42 37 219 33
33N42E36BAACO1 Tf 39 05-17-95 612 7.7 8.0 9.0 47 30 30 3.5 200 25
33N44E22BBBC0!} Tf 35 05-18-95 508 7.8 8.5 9.8 55 24 8.8 2.1 172 16
33N44E22CDCCO1!  Kfh-Khe 75 08-17-95 388 7.8 9.0 1.2 40 21 8.4 2.4 196 6.1
33N44E22CDCC02} Tf 32 08-17-95 510 79 9.0 10.5 40 31 11 2.6 178 20
33N44E33BBADO1 Tf 65 05-19-952 534 7.6 8.0 10.6 53 30 8.8 23 181 18
05-19-952 534 7.6 8.0 10.6 S1 28 8.7 23 -- 18
33N45E27DADCO13 Tfu - 08-17-95 707 7.0 - - 65 39 26 3.8 -- 60
33N49E24CCDCO1 Tfu 96 05-05-95 536 7.7 8.5 2.5 37 41 15 25 261 19
33NS0E24BDDCO01 Tfu 160 05-16-95 1,320 7.3 8.0 .1 75 58 150 57 605 150
33NS0E24DCBBO1 Tf 34 05-16-95 1,050 73 7.0 2 82 71 42 3.5 401 110
ITest well

2Replicate analysis
3Spring
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“able 4. Ground-water-chemistry data for samples from selected private wells, test wells, and a spring in areas underlain by the
Flaxville Formation, 1989, 1995-96, Fort Peck Indian Reservation, northeastern Montana (Continued)

Nitro-
gen- Oxy-
o 15/ gen-18/ Phos-
lo- . . - )
Chio Fluo- Bro- Silica, .. . Nitrite nitro- oxy- Am- pho- iron, Manga Stron- Dis-
ride Nitrite, plus nese
dis-, ride, mide, dis- dis- ’ nitrate gen-14 gen-16 monia, rus, dis- dis-’ tium, solved
dis- dis- solved . stable stable dis- ortho, solved dis- solids, Location
solved solved  dis- solved
solved solved (mg/L iso- iso- solved dis- (ng/L solved calcu- number
(mg/L (mg/L solved (ng/L
as (mg/L (mg/L as asN) (mg/L tope tope (mg/L  solved as as (ng/L lated
c asF) asBr) SiO,) asgN) ratio ratioin asN) (mg/L Fe) Mn) as Sr) (mg/L)
inNO;  NOj as P)
(per- (permil)
mil)
34 2 .04 15 - 16 - - - - 7 <1 440 323 32N45E0SBRCCO]
5.8 1 18 17 <.01 11 - - .62 <01 1,300 78 1,500 709 32NSIEOSBAABO2
32 1.0 40 13 02 5.6 11.74 - <015 <01 260 110 590 570 32NS1E20ABBAO!
33 1.0 41 12 02 5.6 - - <015 <.01 270 100 570 574
1.2 3 .06 17 <01 13 7.69 - <.015 <.01 3 <1 300 357  32NS52E04BRBBO1
39 3 33 19 <.01 8.7 6.64 -2.53 <.015 01 <3 <1 660 760  33N40E28ABACO!
160 2 99 21 <01 30 - -- .02 .05 30 <3 1.300 1,720 33N41E20DBBDO1
7.5 4 .08 17 <01 17 9.01 - <015 .08 6 <1 400 386 33N42E24ABACO]
4.5 3 .08 17 <.01 26 - -- <.015 .01 <3 <1 450 393 33N42E36BAACO1
2.7 3 .06 17 <.01 18 6.05 -1.77 <.015 .01 3 <1 430 309  33N44E22BRBCOI
1.7 2 .04 17 02 94 -- - .07 <01 280 120 410 220 33N44E22CDCCO1!
33 3 .06 16 01 16 6.30 - .09 <.01 56 5 500 303 33N44E22CDCCH2!
3.1 2 .04 17 <.01 19 6.54 - <.015 .01 3 <1 540 326  33N44E33BRADOI
34 3 .05 17 <.01 20 - - <.015 <.01 <3 <] s510 329
39 4 .09 15 <.01 <.05 - - .08 <.01 130 120 610 412 33N45E27DADCO1?
5.5 1.2 .08 12 .02 1.7 14.64 1.80 <.015 <.01 <3 18 320 298 33N49E24CCDCOI
6.4 <1 .19 12 01 <.05 - - .70 <.01 610 32 1,700 823  33NS0E24BDDCOI
39 5 26 15 03 6.0 26.69 4.74 .02 <.01 <3 190 670 631 33NSOE24DCBBO1

TABLE4 39



Table 5. Lithologic logs for soil pits excavated in the Flaxville Formation on June 21-22, 1995, Fort Peck Indian Reservation,
northeastern Montana

[Soil-pit name, a field-identification number; location number, numbering system described in text. Depth in feet below land surface. Atbreviations: ft, feet;
in., inches. Symbol: <, less than]

e Depth
Description (fnazt)

Soil-pit name: B-N

Location number: 31N46E16ABBAQI

Lithology:
Topsoil, dark-brown, sandy clay loam, about 5 percent pebbles, non-calcareous 0-1.0
Sand, fine-grained, silty, medium-brown; about 5 percent pebbles; non-calcareous 1.0-4.0
Gravel, clayey, poorly sorted, gray-brown, calcareous 4.0-8.0
Clay, silty, gray interbedded with white calcareous marl; thin oxidized layers in silty clay 8.0-8.5
Clay, silty, dense, massive, gray; few thin orange-brown oxidized layers; non-calcareous 8.5-11.0

Remarks: Boundary between gravel and underlying clay undulates 1-2 ft.

Soil-pit name: B-S

Location number: 31N46E15CBBCO1

Lithology:
Topsoil, dark-brown, sandy clay loam, non-calcareous 0-1.0
Sandy clay loam, medium-brown, non-calcareous 1.0-2.3
Sandy clay loam, tan, lime-rich, calcareous 2.3-35
Interbedded 3-9-in.-thick layers of poorly sorted sandy gravel and clayey sandy silt; light 3.5-7.6

brown; calcareous

Silt, clayey, massive, tan, calcareous 7.6-11.5

Remarks: Roots extend to 3.3 ft below land surface.

Soil-pit name: W-N

Location number: 31N46E20BABBO1

Lithology:
Topsoil, dark-brown; sandy silt; non-calcareous 0-1.0
Silt, sandy, medium-brown; few pebbles; non-calcareous 1.0-2.6
Silt, clayey, sandy, tan; few pebbles, calcareous 2.6-40
Sand, fine- to medium-grained, orange-brown, calcareous 4.0-6.0
Sand, fine- to medium-grained, orange-brown, non-calcareous 6.0-8.0
Silt, clayey, sandy, dense, tan, lime-rich, calcareous 8.0-94
Gravel 9.4-9.5
Sand, silty, light-brown, calcareous 9.7-10.4
Gravel; Flaxville Formation 10.4-11.5

Remarks: Roots extend to 3.0 ft below land surface.
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Table 5. Lithologic logs for soil pits excavated in the Flaxville Formation on June 21-22, 1995, Fort Peck Indian Reservation,

northeastern Montana (Continued)

. Depth
Description (fegt)
Soil-pit name: W-S
Location number: 31N46E20CDCDO01
Lithology:
Topsoil, dark brown; sandy clay loam; non-calcareous 0-1.0
Silt, sandy, medium brown; <1 percent pebbles; non-calcareous 1.0-2.5
Sand, cemented, lime-rich; about 5 percent pebbles; calcareous 2.5-5.0
Sand, fine- to medium-grained, brown; about 5 percent pebbles; non-calcareous 5.0-6.1
Gravel and sand; pebble diameter is about 0.5-1 in. 6.1-7.0
Sand, fine- to medium-grained; lime-rich layers; calcareous 7.0-10.0
Sand, silty, clayey, tan, lime-rich, calcareous 10-11.5
Remarks: None.
Soil-pit name: H-E
Location number: 33N44E22DDCDO01
Lithology:
Topsoil, medium-brown; sandy loam; non-calcareous 0-1.0
Gravel, orange-brown; matrix of silty fine sand; non-calcareous 1.0-2.3
Gravel, poorly sorted with CaCOj; coating on pebbles; matrix is silty, clayey sand with 2345
CaCO; accumulation; white-tan to orange-brown
Sand, massive, gray-tan; faint cross bedding defined by few, thin, iron-stained layers; non- 4.5-5.5
calcareous
Clay, silty, massive, gray; discontinuous and undulating horizon 5.5-6.0
Sand, massive, gray-tan; faint cross bedding defined by few, thin, iron-stained layers 6.0-9.5
Sand, massive, gray-tan; faint cross bedding; about 20 percent gravel 9.5-10.0
Remarks: Roots extend to 5.5 ft below land surface.
Soil-pit name: H-W
Location number: 33N46E22CDCCO1
Lithology:
Topsoil, medium- to dark-brown, sandy loam, non-calcareous 0-1.4
Silt, clayey; tan with white specks of CaCOs; lenses of orange sand; very calcareous 1.4-2.6
Sand, fine-grained, well-sorted, orange-brown, with stringers of gray, silty, clayey sand 2.6-3.7
and light-brown sand; calcareous
Gravel, poorly sorted, orange, gray, and white; heterogeneous; iron concretions; large 3.7-49
caliche chunks; calcareous
4.9-10.0

Sand, fine to very fine, orange-tan, non-calcareous
Remarks: Roots extend to 5.5 ft below land surface.
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Table 5. Lithologic logs for soil pits excavated in the Flaxville Formation on June 21-22, 1995, Fort Peck Indian Reservation,
northeastern Montana (Continued)

Denth

Description (feet)

Soil-pit name: R-E
Location number: 33N45E26CBAA02
Lithology:
Topsoil, medium- to dark-brown sandy loam; about 10 percent gravel; non-calcareous 0-3.0
from 0-2 ft; calcareous from 2-3 ft; bottom of sandy loam undulates from 2-3 ft below
land surface
Sand, gravely, silty, tan; about 30 percent gravel; matrix is poorly sorted; lime-rich; very 3.0-4.0
calcareous
Sand, massive, tan, non-calcareous 4.0-5.3
Sand, tan; faint cross bedding; non-calcareous 5.2-6.0
Sand, massive, tan; about 1 percent pebbles; non-calcareous 6.C-11.0
Remarks: Roots extend to 4.5 ft below land surface.

Soil-pit name: R-W
Location number: 33N45E26CBBDO!
Lithology:
Topsoil, medium to dark red-brown loam; about 10 percent gravel; somewhat calcareous 0-2.0
Sand and gravel; well-sorted, fine- to medium-grained sand matrix; pebble diameters 2.0-3.5
mostly about 1 in. but range from 0.5-3 in.; CaCO5 accumulation zone; very calcareous
Sand and gravel; well-sorted, fine- to medium-grained sand matrix; pebble diameters 3.5-8.0
mostly about 1 in. but range from 0.5-3 in.; little CaCO5 accumulation zone; somewhat
calcareous
Sand, fine- to medium-grained, massive, very well sorted, tan, non-calcareous 8.0-11.0
Remarks: Top of gravel layer undulates from 1-3 ft below land surface. Roots extend to 4.0 ft below land su-face.
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Table 6. Physical characteristics and nitrogen species in soil samples collected from backhoe pits in the Flaxville Formation on

June 21-22, 1995, Fort Peck Indian Reservation, northeastern Montana

[Analyses by Soil Analytical Laboratory, Plant and Soil Science Department, Montana State University, Bozeman, Mont. Water content determined on entire

sample before gravel removed. Organic matter and nitrogen species determined on sample after gravel removed. Abbreviations: °C, degrees Celsius; exch.,
exchangeable; mg/kg, milligrams per kilogram. Symbols: <, less than; --, no data)

) Depth Water Organic Total g Non-
Soil (feet  content Kjeldah!l Nitrate exch. Gravel Sand  Silt Clay
pit below at 35°C mat:-er nitrogen (mg/kg mon;:( ammonia (per- (per- (per- (per- Texture
name land (per- g;it) (per- asN) (?:N)g (mg/kg cent) cent) cent) cent)
surface) cent) cent) as N)
B-N 0-1 11.9 1.48 0.095 23 1.0 145 - 49 30 21  Loam
1-2 11.9 74 .063 .8 1.8 155 -- 47 29 24  Loam/sandy clay lomm
2-3 9.1 35 .038 1.1 9 122 - 68 15 17 Sandy loam
3-4 8.9 13 .027 1.4 1.0 110 - 69 15 16  Sandy loam
4-6 8.7 .05 .025 22 1.2 155 49 14 21 16  Silty clay gravel
6-8 3.5 <.05 014 6.5 1.5 106 85 6 5 4 Gravel
8-8.5 20.0 15 012 83 8 124 - 1 59 30  Silty clay loam
8.5-10 21.6 <.05 026 6.9 12 365 1 2 29 68  Clay
B-S 0-1 12.1 1.17 .082 2.3 1.6 - -- 54 25 21  Sandy clay loam
1-2 11.4 .54 050 5 1.6 - -- 55 24 21  Sandy clay loam
2-31 12.9 41 045 9 1.3 - - 41 31 28  Clay loam
2-31 12.5 45 044 4 13 - - 39 29 32 Clay loam
3-4 9.0 13 .025 3 1.0 - - 44 31 25  Loam
4-7 7.5 <.05 013 1.9 1.3 - 52 21 16 11 Sandy gravel
7-9 14.6 <.05 012 2.1 1.2 - - 35 44 21 Loam
9-11 16.4 <.05 012 6.0 1.1 - - 29 48 23 Loam
W-N 0-1 10.1 1.79 .099 5.8 6 134 -- 52 27 21  Sandy clay loam
1-2 13.1 98 075 13 14 141 -- 44 27 29  Clay loam/sandy clay loam
2-3 3.2 .56 050 1.8 1.3 109 - 47 24 29  Sandy clay loam
3-4 13.8 17 .026 2.7 1.2 96 - 40 28 32 Clay loam
4-6 6.3 <.05 .006 1.0 8 63 - 79 5 16  Sandy loam
6-8 6.6 <.05 .005 1.1 9 65 -- 73 11 16  Sandy loam
8-10 11.5 <.05 .007 43 .5 70 - 54 19 27  Sandy clay loam
W-S 0-1' 8.9 .90 064 2.9 9 - - 61 18 21 Sandy clay loam/sandy loam
0-1! 7.9 94 065 2.8 12 - - 63 17 20  Sandy loam/sandy clay loam
1-2 8.8 57 .051 .6 1.2 - -- 60 17 23 Sandy clay loam
2-3 10.8 .28 .034 .6 1.2 -- -- 60 17 23 Sandy clay loam
3-4 10.5 <.05 013 .6 1.0 - - 62 15 23 Sandy clay loam
4-6! 6.4 <05 007 2 6 - - 80 7 13 Sandy loam
4-6! 6.1 <05 .006 3 .8 - - 82 6 12 Sandy loam/loamy sand
6-8 5.6 <.05 .008 4 9 -- -~ 87 3 10 Loamy sand
8-10 5.0 <.05 .002 3 4 - -- 87 4 9  Loamy sand
10-11 13.9 <.05 010 5 1.0 - - 13 43 44 Silty clay
H-E 0-1! 10.1 1.48 .089 1.5 1.2 126 -~ 61 18 21  Sandy clay loam
0-1' 10.5 1.23 .079 9 1.1 118 - 56 19 25  Sandy clay loam
1-2 45 72 .059 .6 2.7 116 64 23 5 8  Sandy gravel
2-3 29 .56 .053 8 2.5 109 79 13 3 S5 Sandy gravel
3-45 8.2 <.05 .014 5 22 95 78 14 3 S5 Sandy gravel
4.5-6! 13.8 <.05 013 3 1.6 220 -- 38 20 42 Clay
4.5-6! 13.1 <.05 .012 3 1.6 167 - 47 16 37  Sandy clay
6-8 4.0 <.05 .002 <.1 .8 66 - 88 5 7  Loamy sand/sand
8-10 6.0 <.05 .003 <1 8 70 - 86 11 Loamy sand
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Table 6. Physical characteristics and nitrogen species in soil samples collected from backhoe pits in the Flaxville Formation on
June 21-22, 1995, Fort Peck Indian Reservation, northeastern Montana (Continued)

) Depth Water Organic :I'otal . Am- Non-
Soil (feet content Kjeldah!l Nitrate . exch. Gravel Sand  Silt Clay
pit below at 35°C I?att(-er nitrogen (mg/kg (m°7"(a ammonia (per- (per- (per- (per- Texture
name fand (per- c?:\';) (per- as N) ':sgN)g (mg/kg cent) cent) cent) cent)
surface) cent) cent) as N)

H-W 0-1 8.2 1.96 114 1.6 1.0 -- - 65 16 19 Sandy loam
1-2 13.5 1.1 088 9 9 -- -- 42 24 34 Clay loam
2-3 9.9 .26 031 2 1.0 - - 72 9 19 Sandy loam

© 34 9.4 06 019 2 1.4 - 51 32 7 10 Sandy gravel

4-6 9.1 <.05 016 <.l 2.1 - - 56 17 27  Sandy clay loam
6-8 6.2 <.05 .004 <1 .8 - - 59 30 1 Sandy loam
8-10 7.0 <.05 .005 8 1.0 - - 83 8 9  Loamy sand

R-E 0-1 8.3 1.96 .103 8 1.6 145 - 43 26 31 Clay loam
1-2 9.2 1.37 .085 6 1.3 125 - 51 26 23 Sandy clay loam
2-3 6.3 .66 .037 3 7 89 - 67 13 20  Sandy clay loam/sandy loam
34 7.7 .16 .023 2 9 116 - 40 31 29  Clay lcam
4-6 4.5 <.05 .004 <. 3 83 - 84 10 6  Loamy sand
6-8 4.3 <.05 .004 <1 5 74 - 87 6 7  Loamy sand
8-10 4.0 <.05 .003 <1 .5 70 - 90 4 6  Sand

R-W 0-1 8.2 1.1 .065 .6 3.2 - - 66 13 21  Sandy clay loam
1-2! 9.3 94 .057 4 9 - - 68 13 19 Sandy loam/sandy clay loam
1-2! 9.4 91 .058 .5 1.1 -- -- 66 13 21  Sandy clay loam/sandy loam
2-3 13.2 91 .072 .6 2.0 - 74 12 4 10 Sandy gravel
3-4 6.0 <.05 .005 <.l 1.1 - 79 18 1 2 Sandy gravel
4-6 38 <.05 .002 <l 1.0 - 71 26 1 2 Sandy gravel
6-8 2.7 <.05 .004 3 1.3 - 44 50 2 4 Gravel’ sand
8-10 35 <.05 .001 <1 .5 - - 92 3 5  Sand

TReplicate analysis.
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Table 7. Chemical and isotopic data for deionized-water extracts of soil samples collected from backhoe pits in the Flaxville
Formation, June 21-22, 1995, Fort Peck Indian Reservation, northeastern Montana

[Chemical analyses by Soil Analytical Laboratory, Plant and Soil Science Department, Montana State University, Bozeman, Mont. Nitrogen isotope analyses
by U.S. Geological Survey, Menlo Park, Calif. Analytical data are for the water extract from either a saturated paste or a mixture of 1 part sample to 10 parts
water (by weight). Abbreviation: ft, foot; mg/L, milligrams per liter. Symbols: <, less than; --, no data]

Saturated paste extract 1:10 extract
Dis-
Soil oy Calcium Magne:  sodium Fo2s" :::tay suttate  SPO"  Nitrate :g::f: ovater I Nitrate -
pit (mg/L as (mg/L (mg/L (mg/L (mg/L 3
name (ft) Ca) (mg/L as as Na) (mg/L (mg/Las as SO,) (mg/L as N) calcu- paste as N) (permil)
Mg) asK) HCOjy) asCl) lated  (percent)
(mglL)
B-N! 6-8 8.7 42.0 197 29 189 309 256 93.7 1,170 42.5 1.32 7.33
8.5-10 4.2 21.7 222 .8 193 307 14.6 34.2 1,100 115.1 56 7.99
B-S 7-92 6.1 40.0 59.9 1.1 260 263 1.3 26.0 652 36.5 24 6.80
7-92 6.7 47.0 70.0 1.1 293 27.9 1.3 325 678 38.1 - -
9-11 5.8 46.0 104 1.6 287 27.8 2.1 128 807 35.7 65 7.52
W-N 6-8 9.0 24.5 345 1.0 140 33.0 1.4 17.9 613 31.7 12 6.74
8-10 6.2 332 55.0 1.2 205 28.1 1.4 44.6 661 41.6 36 6.83
W-S 6-8 17.6 17.2 3.7 4.2 103 4.8 5.8 5.0 550 20.8 - -
8-10 9.7 18.1 4.5 39 98 25 1.1 4.7 536 30.5 - -
H-E 6-8 6.7 19.7 13.2 1.1 109 9.0 1.1 1.4 544 30.1 - -
8-10 8.1 19.5 17.3 1.3 120 9.6 .8 1.2 550 299 - -
H-W 6-8 44 24.0 48.2 1.1 168 25.0 5.0 4.2 604 30.9 - -
8-10 4.6 14.1 80.0 1.2 191 27.7 2.6 14.6 637 329 - -
R-E 6-8 7.9 27.8 13.6 114 133 23.6 5.5 1.9 583 29.0 -- -
8-10 6.1 23.8 11.7 6.7 117 18.4 23 12 562 293 - -
R-W! 6-8 18.8 12.8 5.7 4.6 86 14.6 4.6 6 553 28.9 <.01 -
8-10 103 12.6 7.9 4.7 83 11.6 1.1 .5 540 289 - -

!Sample was dried and sieved to remove coarse fragments prior to preparation of saturated paste.

Replicate analysis.
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